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A  multi-faceted  program  of  applied  research  has  been  undertaken  in  collaborati 
with  the  Ministry  of  Health  of  Chile  intended  to  lead  to  control  of  erdemic 
typhoid  fever  in  Santiago,  Chile.  These  studies  include:  1)  Maintenance  of 
prospective  field  trials  evaluating  the  efficacy  of  Ty21a  live  oral  typhoid 
vaccine  given  in  various  formulations  and  immunization  schedules.  2)  The  firj 
evaluations  of  Ty2la  vaccine  in  infants  and  pre-school  children.  3)  Develop¬ 
ment  of  a  new  enzyme-linked  immunosorbent  assay  (ELISA)  to  measure  Vi  antibod: 
and  its  use  as  a  serologic  screening  test  to  identify  chronic  tvphoid  carriers 
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SOMARY 


A  milti-faceted  program  of  applied  research  was  undertaken  in 
collaboration  with  the  Ministry  of  Health  of  Chile  intended  to  lead  to 
control  of  endemic  typhoid  fever  in  Santiago,  Chile.  Information  derived 
from  these  studies  is  directly  applicable  to  the  prevention  of  typhoid 
fever  in  United  States  military  personnel  deployed  in  endemic  areas., 
During  the  life  of  the  contract,  activities  that  were  emphasized  included: 

1)  Studies  of  the  epidemiology  of  endemic  typhoid  fever  in  Santiago, 
including  descriptive  epidemiological  analyses,  case/ocntrol  studies, 
family-based  studies,  seroepidemiologic  studies  and  studies  to  quantitate 
the  occurrence  of  Salmonella  typhi  bacteremia  in  young  children. 

2)  A  quantitation  of  the  magnitude  of  the  reservoir  of  chronic  S.  typhi 
carriers  in  Santiago. 

3)  Evaluation  of  a  serologic  screening  test  to  detect  chronic  S.  typhi 
carriers  in  an  endemic  area  (Santiago) ,  based  on  measurement  of  passive 
hemagglutination  antibody  to  highly  purified  Vi  polysaccharide  antigen. 

4)  Development  of  a  new  enzyme-linked  immunosorbent  assay  (ELISA)  to 
measure  Vi  antibodies  capable  of  processing  large  nunbers  of  sera  and  its 
use  as  a  serologic  screening  test  to  identify  chronic  typhoid  carriers. 

5)  Evaluation  of  oral  antibiotic  regimens  to  eradicate  the  d ironic  typhoid 
carrier  state  without  resort  to  surgery. 

6)  Environmental  bacteriologic  studies  to  detect  the  presence  of  S.  typhi 
in  irrigation  waters  and  other  surface  waters  incriminated 
epidaniolcgically  in  the  transmission  of  typhoid  fever. 

7)  Clinical  bacteriology  studies  comparing  the  sensitivity  of  blood,  bene 
marrow  and  duodenal  string  cultures  in  the  isolation  of  S.  typhi  from 
patients  with  suspect  typhoid  fever. 
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8)  Molecular  analyses  of  S.  typhi  strains  from  Chile  for  the  presence  of 
plasmids  and  examination  of  "  e  electrophoretic  patterns  after  cutting  the 
plasmids  with  restriction  endonucleases. 

9)  Initiation  of  four  large-scale  field  trials  of  live  oral  typhoid 
vaccine  TyZLa  to  assess  the  efficacy  of  various  formulations  and 
immunization  schedules. 

10)  The  first  evaluations  of  Ty21a  vaccine  in  infants  and  pre— school 
children. 
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For  the  protection  of  human  subjects  the  investigator(s)  have 
adhered  to  policies  of  applicable  Federal  Law  45CFR46. 
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I.  DOHCnJCTICN 

Typhoid  fever  remains  an  important  public  health  problem  in  many 
jess -developed  regions  of  the  world  and  poses  a  risk  for  travelers  from 
industrialized  countries  who  visit  such  endemic  regions.  In  virtually  all 
endemic  areas  the  incidence  rates  for  typhoid  fever  are  highest  in 
children  5-19  years  of  age,  i.e.  school  children.  “Bus  is  of  potential 
relevance  in  the  control  of  typhoid,  since  school  children  represent  a 
"captive”  population  amenable  to  school-baaed  imminization  programs. 

For  Orated  States  military  personnel  who  are  stationed  in 
less-developed  areas  or  who  mist  be  prepared  at  short  notice  to  operate  in 
less-developed  areas  of  geopolitical  importance,  typhoid  fever  represents 
an  important  potential  health  risk.  The  current  vaccine  utilized  by  the 
U.S.  military  forces  to  prevent  typhoid  fever,  an  acetone-inactivated 
preparation  of  whole  Salmonella  typhi  inoculated  parenterally,  requires  at 
least  two  doses  given  several  weeks  apart  to  immunize  and  causes  high 
rates  of  significant  adverse  reactions.  Therefore,  a  high  priority  has 
been  given  to  identifying  alternative  typhoid  vaccines  that  will  provide 
significant  protection  without  causing  notable  adverse  reactions. 

In  areas  where  typhoid  fever  is  endemic,  the  prevalence  of  chronic 
gallbladder  carriers  of  S.  typhi  is  often  quite  high.  Thus,  a 
particularly  onerous  risk  of  transmission  of  typhoid  fever  to  U.S. 
military  personnel  in  less-developed  areas  pomes  from  foodhandlers  from 
the  indigenous  population  who  may  be  chronic  typhoid  carriers  and  who 
unknowingly  are  involved  in  preparation  of  food.  Older  these 
circumstances,  unwittingly,  the  potential  exists  for  large  epidemics  to 
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occur.  Furthermore,  the  size  of  the  inocula  of  S.  typhi  present  in  food 
vehicles  may  be  sufficiently  high  to  over  cone  the  protective  efficacy  of 
the  current  acetone- inactivated  parenteral  vaccine.  Consequently,  a 
simple,  practic-'i  yet  sensitive  and  specific  screening  test  is  required  to 
screen  large  groups  of  individuals  for  the  presence  of  suspected  chronic 
typhoid  carriers. 

Dependents,  including  children,  who  accompany  O.S.  military  personnel 
stationed  on  tours  of  duty  in  less-developed  countries  must  also  be 
protected  against  typhoid  fever.  In  young  children  the  subject  of  adverse 
reactions  to  the  current  parenteral  typhoid  vaccines  is  even  more 
pertinent. 

Since  1980,  with  support  from  the  U.S.  Army  medical  Research  and 
Development  Command,  the  World  Health  organization  and  the  Pan  American 
Health  Organization,  the  Center  for  Vaccine  Development  of  the  University 
of  Maryland  has  conducted  an  applied  research  program  an  the  control  of 
typhoid  fever  in  Santiago,  Chile,  a  highly  endemic  area.  This  applied 
research  program  has  included  epidemiological  studies,  environmental 
4  bacterio logic  studies,  comparison  of  methods  for  diagnosis  of  acute 

typhoid  fever,  development  of  new  diagnostic  and  treatment  methods  for 
carriers,  and  large-scale  field  studies  with  Ty21a  live  oral  typhoid 
vaccine.  Results  of  these  studies  have  direct  relevance  for  the  improved 
prevention  of  typhoid  fever  in  O.S.  military  personnel. 

Wherever  possible,  the  results  of  the  various  components  of  the 
research  carried  out  under  this  program  will  be  provided  in  this  FINAL 
REPORT  by  attaching  scientific  manuscripts  that  have  been  published  or 


submitted. 
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II.  EPIDEMIOLOGIC  glUDIES  OF  HSPEMIC  TYHDID  FEVER 

A.  Descriptive  Studies 

A  detailed  sunmary  of  the  descriptive  epidemiology  of  endemic 
typhoid  fever  in  Chile,  and  in  particular  in  Santiago,  is  contained  in 
APPENDIX  A. 

B.  Caae/Oontrol  Study 

A  case/ control  study  was  carried  out  to  identify  risk  factors, 
protective  factors  and  vehicles  of  transmission.  Results  are  contained  in 
APPENDIX  B.  Prior  to  tliis  study,  it  had  been  considered  dogma  among  local 
epidemiologists  that  typhoid  fever  was  transmitted  within  the  heme  by  food 
handlers  (relatives  or  domestic  servants)  vho  were  chronic  typhoid 
carriers.  The  stool  culture  data  obtained  in  this  study  were  the  first  to 
demonstrate  that  it  is  rare  to  find  chronic  carriers  among  the  domestic 
foodhandlers  in  lores  of  index  cases  of  typhoid  fever  in  Santiago.  These 
observations  implied  that  typhoid  fever  was  contracted  largely  outside  the 
home.  Family  studies  were  carried  out  to  enlarge  cn  these  initial 
observations. 

C.  Family-Based  Studies 

Results  of  family-based  epidemiological  studies  are  contained  in 
APPENDIX  C.  These  studies  corroborated  that  chronic  carriers  are  rarely 
found  in  households  of  index  cases  of  acute  typhoid  fever  and  showed  that 
secondary  transmission  and  concomitant  cases  within  the  households  cure 
rare. 

D.  Typhoid  Fever  in  Infants 

The  peak  age  incidence  of  typhoid  fever  in  Santiago,  as  in  other 
endemic  areas  is  in  school  age  children,  5-19  years  of  age.  In  contrast, 
the  reported  incidence  of  typhoid  fever  is  very  low  in  infants  and 
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toddlers.  One  of  the  possible  explanations  for  this  could  be  that  young 
children  less  than  two  years  of  age  do  not  consume  the  vehicles  of 
transmission  that  are  ingested  by  older  individuals.  Bowever,  it  is  also 
possible  that  contaminated  vehicles  are  consumed  by  infants  and  toddlers 
but  that  these  very  young  hosts  do  not  clinically  manifest  an  illness 
recognized  as  typhoid  fever.  A  systematic  collection  of  blood  cultures 
was  initiated  in  two  primary  health  care  clinics  to  answer  this  question. 
Results  of  this  study  are  contained  in  AHPENDIX  D.  It  was  found  that 
bacteremia  due  to  S-  typhi  and  S.  paratyphi  occurred  in  approximately  4% 
of  young  children  presenting  to  a  primary  health  care  facility  with 
fever.  In  no  instance  was  any  child  suspected  clinically  of  having 
typhoid  fever;  therefore,  this  syndrane  has  been  referred  to  as  benign 
bacteremia  due  to  S.  typhi. 

HI.  STUDIES  OF  CBBONIC  TYPBDID  CARRIERS 

A.  The  Prevalence  of  Chronic  Typhoid  Carriers  amcnq  Persons  with 

! 

1  Chronic  Gallbladder  Disease  in  Santiago,  Chile. 

Gal  1  bladder  contents  were  cultured  from  1000  individuals 
undergoing  cholecystectomy  in  seven  hospitals  in  Santiago,  Chile.  Results 
are  shown  in  APPENDIX  E.  Overall,  S.  typhi  was  recovered  from  3.8%  of  the 
gallbladders. 

B.  A  Precise  Estimation  of  the  Prevalence  of  Chronic  Typhoid  Carriers 
in  Santiago 

A  precise  estimate  of  the  number  of  chronic  biliary  carriers  of 
S.  typhi  was  made  using  the  detailed  census  of  Santiago,  data  cn  the 
prevalence  of  gallbladder  disease  among  individuals  of  various  ages,  and 
the  measured  prevalence  of  chronic  carriage  among  persons  with  chronic 
gallbladder  disease.  Results  are  found  in  (APPENDIX  F). 
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C.  Serologic  Screening  to  Detect  Chronic  Typhoid  Carriers  in  an 
Endemic  Area 

A  passive  hemagglutination  assay  utilizing  hic£ily  purified  Vi 
antigen  to  measure  Vi  antibody  was  evaluated  as  a  serological  screening 
test  to  identify  chronic  typhoid  careers  in  a  typhoid-endemic  area, 
Santiago.  The  Vi  9erology  proved  to  be  very  practical,  sensitive  and 
highly  specific  in  identifying  chronic  carriers.  The  rerut ts  are  contained 
in  APPEMHX  G. 

D.  Development  of  an  ELISA  to  Measure  Vi  Antibody  and  its  Otility  as  a 
Serological  Screening  test  for  Chronic  Typhoid  carriers 

Based  on  the  excellent  results  with  the  passive  hemagglutination 
test  for  Vi  antibody  as  a  serological  screening  test  to  detect  chronic 
typhoid  carriers,  an  enzyme-linked  iimuncsorbent  assay  (ELISA)  was 
developed  to  measure  Vi  antibody.  The  ELISA  utilized  a  tyraminated  Vi 
polysaccharide  as  antigen.  The  advantages  of  the  Vi  ELISA  include  the 
ability  to  measure  imnunoglobulin  class  specific  antibodies  and  the 
capacity  to  process  very  large  numbers  of  sera.  Results  are  shown  in 
APPENDIX  H. 

E.  Nan-Surgical  Domiciliary  Tveatment  of  Chronic  Typhoid  Carriers  with 
a  28  Day  Oourse  of  Amoxicillin  and  Probenecid 

A  28  day  oral  regimen  of  amoxicillin  and  probenecid  was  evaluated 
as  a  nan-surgical  therapy  to  eradicate  the  chronic  typhoid  carrier  state. 
A  long-term  cure  was  obtained  in  15  of  26  carriers  (56%).  Those  carriers 
vho  were  successfully  cured  had  a  significantly  hic^ver  serum  antibiotic 
level  than  carriers  in  whom  the  treatment  failed.  Results  are  presented 
in  detail  in  APPENDIX  I. 


The  new  generation  of  quinolone  antibiotics  that  has  appeared  in 
recent  years  includes  ciprofloxacin,  an  agent  with  exceptionally  good 

~  v 

activity  against  S.  typhi  in  vitro,  with  minimtai  inhibitory  concentrations 
<0.06  incg/ml.  Pharmacokinetic  studies  in  nan  indicate  that  the  body  fluid 
and  tissue  penetration  of  ciprofloxacin  is  excellent,  including  bile 
levels.  For  example,  in  a  pilot  study  in  which  the  bile  levels  of 
ciprofloxacin  were  measured  after  oral  attain istration  of  500  mg  of 
ciprofloxacin,  concentrations  of  drug  of  up  to  10  mog/ml  were  detected. 
Side  effects  of  this  antibiotic  at  either  the  500  or  750  mg  twice  daily 
dosage  schedule  have  been  minimal.  Based  on  these  observations,  we 
undertook  a  preliminary  evaluation  of  ciprofloxacin  in  the  treatment  of 
chronic  gallbladder  carriers  of  S.  typhi. 

Twelve  chronic  carriers  were  enrolled  into  the  study  between  June  and 
December,  1985.  Patients  were  treated  with  oral  ciprofloxacin  750  mg 
twice  daily,  with  careful  monitoring  for  compliance  and  for  possible 
adverse  effects.  Therapy  was  stopped  in  two  cases  after  10  days:  one 
patient  had  an  allergic  reaction  and  one  had  a  minimal  drop  in  hematocrit 
of  uncertain  etiology.  The  remaining  patients  received  the  complete  28 
day  course  of  drug.  Stool  and  bile-stained  duodenal  string  cultures  were 
obtained  before  therapy  and  at  least  monthly  after  discontinuation  of 
therapy. 

Of  the  total  12  carriers,  one  patient  who  completed  the  course  of  drug 
had  a  bacteriologic  relapse  within  one  week  after  completing  therapy.  A 
second  patient  whose  stool  and  bile  cultures  were  negative  for  six  months 
following  treatment  became  positive  again  for  S.  typhi.  Bcwever,  phage 
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typing  of  the  isolates  showed  that  the  organism  recovered  after  six  months 
of  negative  cultures  was  distinct  from  the  original  infecting  strain;  thu3 
this  patient  represents  a  re-infection.  The  other  10  patients  have 
remained  bacteriological ly  negative  for  at  least  six  months,  including  the 
two  individuals  who  had  their  courses  of  therapy  interrupted  before  the 
full  28  days. 

These  preliminary  results  are  extremely  encouraging  and  suggest  that 
ciprofloxacin  is  efficacious  in  treating  chronic  typhoid  carriers  and  may 
achieve  a  higher  cure  rate  than  previous  antibiotic  regimens.  Further, 
more  comprehensive  studies  will  undertaken  to  explore  this  possibility. 

W.  EWIRCWCBEftL  BACTERIOLOGY  STUDIES 

A.  Recovery  of  S.  typhi  from  Rpideniologically-Iixrriminated  Surface 
Waters 

Epidemiologic  studies  suggested  that  the  lack,  of  untreated  sewage 
water  for  irrigation  of  salad  vegetables  during  the  dry  summer  months  in 
Santiago  represents  a  significant  factor  in  the  transmission  of  typhoid 
fever.  Earlier  environmental  bacteriology  studies,  however,  by  Qiileexi 
bacteriologists  had  failed  to  recover  S.  typhi  from  the  irrigation 
waters.  Nevertheless,  we  proceeded  to  carry  out  environmental 
bacteriology  studies  using  the  same  bacteriological  methods  as  employed  in 
the  earlier  studies  but  instituting  the  use  of  Moore  swabs  as  the  method 
of  sampling  the  irrigation  waters.  By  means  of  this  new  method  of 
sampling,  we  were  able  to  recover  S.  typhi  repeatedly  from  surface  waters 
used  for  irrigation.  Details  of  these  studies  are  contained  in  APFQOIX 
J. 


B.  Standardization  of  the  Sensitivity  of  Moore  Swabs  £or  Isolating  S. 
typhi  from  Environmental  Sources 

Moore  swabs  consist  of  large  portions  of  gauze  that  are  suspended 
for  48-72  hours  in  environmental  sources  to  bacter  io logically  saqple 
water;  they  act  as  filters  to  concentrate  bacteria  as  the  waters  pass 
through  the  gauze.  The  sensitivity  of  Moore  swabs  in  the  recovery  of  S. 
typhi  was  evaluated  by  sampling  sewers  that  drain  the  houses  of  known 
chronic  typhoid  carriers  in  Santiago.  Results  are  presented  in  detail  in 
APPENDIX  K. 

V.  CLINICAL  AMD  MDLBmTAR  BACTERIQ03GIC  STODIES  CP  S.  TYPHI 

A.  Clinical  Bacteriology  Studies 

The  sensitivity  of  blood,  bone  narrow,  and  duodenal  string 
cultures  were  compared  in  the  isolation  of  S.  typhi  from  103  children  with 
suspect  typhoid  fever.  The  combination  of  two  blood  and  one  duodenal 
string  cultures  equalled  the  sensitivity  of  a  b*~<ne  marrow  in 
bacter iologically  confirming  the  diagnosis  of  acute  typhoid  fever.  These 
results  are  presented  in  detail  in  APPENDIX  L. 

B.  Molecular  Analyses  of  S.  typhi 

In  the  first  study,  100  isolates  of  S.  typhi  from  Santiago  were 
examined  for  the  presence  of  plasmid?.  Plasmids  were  found  in  only  8 
isolates.  None  of  the  plasmids  encoded  antibiotic  resistance.  In  fact, 
none  of  the  100  strains  were  found  to  be  resistant  to  chloramphenicol , 
ampidlliri  or  trimethoprim,  the  clinically  important  antibiotics  in  the 
treatment  of  typhoid  fever.  These  results  are  contained  in  APPENDIX  M. 

In  a  second  study,  a  total  of  141  S.  typtii  strains,  including  70 


from  Santiago  and  71  from  Lima,  Peru  were  examined  for  the  presence  of 
plasmids.  Plasmids  were  present  in  only  12  of  70  (17%)  of  the  Chilean  and 


16 


5  of  71  (7%)  of  the  Peruvian  strains.  Identical  21  kilobase  plasmids  (as 
defined  by  restriction  endonuclease  digest  patterns)  were  found  in  13  of 
the  17  plasmi d-can taining  S.  typhi  from  Santiago  and  Lima.  These  results 
and  their  significance  for  epidemiologic  studies  are  found  in  APPENDIX  N. 
VI.  FIFfJP  TRIALS  OP  EFFICACY  OP  LIVE  ORAL  TYPHOID  VACCINE  TY21a 

A  aeries  of  four  separate  field  trials  of  efficacy  have  been  carried 
out  in  Santiago/  involving  more  than  640,000  schoolchildren.  In  these 
trials  three  different  f emulations  of  vaccine  and  several  different 
imnunizatian  schedules  were  compared  in  randomized,  controlled  trials. 

Hie  enteric-coated  formulation  was  found  to  be  significantly  superior  to  a 
fomulation  consisting  of  gelatin  capsules  containing  feHOO^  and 
lycphilized  vaccine.  Three  doees  of  Ty21a  in  enteric-coated  capsules 
given  within  one  week  has  so  far  provided  67%  efficacy  for  at  least  three 
years.  Increasing  the  interval  between  doses  to  21  days  did  not  increase 
efficacy.  Administering  fewer  doses  (one  or  two)  of  vaccine  in 
enteric-coated  capsules  provided  lower  levels  of  protection  that  endured 
for  only  two  typhoid  seasons,  in  contrast,  administering  four  doses  of 
enteric-coated  vaccine  conferred  significantly  higher  protection  than 
three  doees.  A  fourth  triad  initiated  in  October,  1986,  is  comparing  the 
relative  efficacy  of  three  doses  of  Ty21a  given  within  one  week  in 
enteric-coated  or  liquid  formulation.  Results  of  these  field  trials  of 
efficacy  of  Ty21a  are  contained  in  APPENDIX  O  and  APPENDIX  P. 

VH.  EVAIDMTON  CP  THE  SAFETY  AND  IMWJNDGENICnY  OP  A  WRITIED  VI 
POLYSACCHARIDE  PARENTERAL  VACCINE 

The  safety  and  immunogenic i ty  of  a  purified  Vi  parenteral  vaccine  was 
carried  out  in  healthy  young  adults  in  Maryland  and  in  Chilean  Air  Force 
recruits  of  the  same  age.  Meningococcal  polysaccharide  served  as  the 
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control  vaccine.  Results  are  summarized  in  APPENDIX  Q. 

VIII.  STUDIES  WITH  TY21a  CRAL  VACCINE  IN  INFANTS  AND  TODDLERS 
A.  Background 

Live  oral  typhoid  vaccine  TyZla  has  proven  to  be  an  i  important  advance 
for  the  prevention  and  possible  control  of  typhoid  fever  in  endemic  areas 
because  it  provides  significant  protection  without  causing  adverse 
reactions.  Although  typhoid  fever  in  endemic  areas  is  largely  a  disease 
of  schoolage  children,  the  main  delivery  system  for  pediatric  vaccines  in 
most  developing  reentries  occurs  through  the  expanded  program  on 
immunization  (EPI)  which  is  heretofore  usually  targeted  exclusively  at 
infants.  Thus  it  is  intriguing  to  consider  whether  immunization  of 
infants  might  protect  these  children  later  when  they  reach  schoolage.  To 
even  consider  such  a  proposition  it  will  be  necessary  to  show  that  Ty21a 
is  immunogenic  in  infants  and  young  children.  Because  of  the  innocuity  of 
TyZla  and  the  propensity  of  Salmonella  to  avidly  interact  with  M  cells  of 
gut  lymphoid  tissue,  many  investigators  have  introduced  genes  encoding 
putative  protective  antigens  of  other  organisms  to  obtain  expression  in 
TyZLa,  thereby  using  the  attenuated  S.  typhi  as  a  "carrier"  bacteria. 

Among  the  aaatoinations  reported  so  far  are  Ty21a  expressing  Shigella 
sonnei  O  antigen  (1),  B  subunit  of  Escherichia  coli  heat-labile 
enterotoxin  (LT)  (2),  and  an  outer  membrane  protein  of  Vibrio  cholerae 
(3).  Important  target  age  groups  for  these  bivalent  vaccines  are  also 
infants  and  young  children.  Heretofore,  however,  the  youngest  age  group 
to  have  received  Ty21a  vaccine  is  six  year  old3.  We  therefore  initiated 
studies  to  evaluate  the  clinical  acceptability  and  immunogenicity  of  Ty21a 
in  infants  and  young  children  (less  than  five  years  of  age)  in  Santiago, 
Chile,  an  area  endemic  for  typhoid  fever. 
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B.  Materials  and  Methods 

Vaccine  was  administered  in  three  separate,  randomized, 
placebo-controlled,  double-blind  studies. 

1.  Study  »1 

>  Study  #1  involved  healthy  children  6-24  months  of  age  recruited  frau 

the  well  baby  clinic  of  the  Centro  Diagnostics  of  the  Dniversidad  Catolica 

School  of  Medicine,  Santiago.  Following  explanation  of  the  study  to  the 

parents  and  obtaining  written  consent,  infants  were  randomized  to  receive 

g 

three  doses  of  vaccine  (10  organises  per  dose)  or  placebo  which  were 
given  within  eight  days.  Cups  containing  vaccine  or  placebo  were  prepared 
in  a  separate  roan  by  an  unblinded  nurse.  9e  dissolved  the  contents  of 
an  enteric-coated  capsule  of  Ty21a  vaccine  into  90  ml  of  cow's  milk 
formula  containing  0.5  go  of  NaHCD^.  (  A  similar  milk/bi  carbonate 

t. 

"cocktail"  method  had  been  previously  successfully  used  to  vaccinate 
Chilean  six  year  olds  who  demonstrated  a  good  serologic  response 
post-vaccination)  (20).  Milk  containing  NaBQD^  alone  served  as  the 
placebo.  The  coded  cups  containing  vaccine  or  placebo  were  presented  to  a 
second  nurse  who  adainistered  the  contents  to  the  children  in  double  blind 
fashion.  The  infants  were  examined  24  and  48  hrs  after  each  dose  of 
vaccine  at  which  time  the  child's  temperature  was  recorded;  axillary 
temperatures  were  obtained  because  this  is  the  accepted  custom  in  Chile. 
The  mother  was  interviewed  to  elicit  evidence  cf  adverse  reactions  in  the 
previous  24  hrs. 

A  4  ml  specimen  of  blood  was  collected  prior  to  and  21  days  after 
vaccination.  The  hlood  was  passed  through  a  Ficoll-flypaque  column  to 
obtain  mononuclear  cells  to  carry  out  lymphocyte  replication  studies  with 
selected  S.  typhi  and  appropriate  control  ancigens  to  measure  the 
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cell-mud  i  a  ted  inmine  response  to  vaccination  with  Ty21a.  Plasma  was 
utilized  to  measure  serum  antibodies:  IgG  antibody  to  0  antigen  was 
measured  by  enzyme-linked  immnosorbent  assay  (4);  E  antibody  was  measured 
by  Widal  tube  agglutination  as  previously  described  (5)  and  Vi  antibody 
was  detected  by  passive  he  agglutination  using  highly  purified  Vi 
polysaorharide  (S). 


1 

I  . 


This  study  was  carried  out  arang  children  2-5  years  of  age 

(three-fourths  were  three  or  four  year  olds)  in  a  nursery  school  in  the 

Pincoya  district  of  Area  Norte,  Santiago.  Children  of  consenting  parents 

9 

were  randomized  to  receive  three  doses  of  Ty21a  vaccine  (10  viable 
organisms  per  doee)  or  placebo  given  within  a  period  of  eight  days. 
Capsules  of  vaccine  were  opened  by  an  unblinded  individual  in  a  separate 
ream  and  the  contents  suspended  in  50  ml  of  cow's  milk  containing  0.75  gm 
of  NaHCO^r  placebo  consisted  of  milk  with  bicarbonate  only.  The  coded 
cups  containing  vaccine  or  placebo  were  presented  to  a  nurse  who 
distributed  them  to  the  children  in  double  blind  fashion.  Children  were 
examined  24  and  48  hrs  after  vaccination  at  which  time  axillary 
temperatures  were  taken  and  the  parents  were  interviewed. 

Before  vaccination  and  21  days  thereafter  4  ml  of  blood  were  collected 
and  the  sera  separated  and  frozen  to  be  tested  later  for  antibody  as 
described  above. 

3.  Study  i  3 

The  third  study  was  carried  out  in  2-5  year  old  children  in  a 
second  nursery  school  in  Pincoya  where  children  of  consenting  parents  were 

9 

randomized  to  receive  four  doses  of  Ty21a  vaccine  (10  viable  organisms 
per  ooce)  or  placebo.  Vaccine  -./as  administered  identically  as  in  Study  # 
i  *  four t-h  dose  was  given  within  the  eight  day  period  in  attempt  to 
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increase  vaccine  innuncgenicity.  HI  cod  was  collected  before  and  21  cays 
after  vaccination  for  serologic  tests  as  described  ?bove. 

C.  Results 

1.  Clinical  Response  to  Vaccine 

Table  1  shows  tie  nuaber  of  children  in  each  study  who  received 
vaccine  or  placebo  and  the  frequency  of  adverse  reactions.  Diarrhea, 
fever,  vomiting  and  abdominal  pain  were  unconmon  in  either  group  with  no 
difference  evident  between  vaccine  and  placebo  recipients. 

2.  Inmine  Response  to  Ty21a 

The  serologic  response  to  vaccination  of  infants  and  young 
children  is  summarized  in  Table  2.  In  Study  #1,  involving  infants  and 
toddlers  less  than  two  years  of  age,  no  significant  rises  in  O  antibody 
measured  by  IgG-ELISA  were  detected.  Because  these  results  contrast  so 
notably  from  the  serologic  response  of  six  year  olds  administered  Ty21a 
vaccine  by  this  method  of  adninistraticn  in  a  previous  study  (4),  we 
proceeded  in  the  next  study  to  vaccinate  sli^itly  older  children,  2-5 
years  of  age.  These  children  in  Study  #  2  showed  seme  serologic  react  iocs 
to  both  O  and  H  antigens;  in  total  8  of  24  vaodnees  showed  a  significant 
rise  in  one  or  another  serologic  test  versus  0  of  25  pre-school  children 
who  received  placebo  (p<0.002). 

In  the  third  study,  we  attempted  to  increase  tte  ianunogenicity  of  the 
vaccine  by  administering  an  additional  dose  to  preschool  children.  Hie 
addition  of  a  fourth  dose  did  not  increase  the  serologic  response  to  the 
vaccine. 

Ty21a  vaccine  does  not  contain  Vi  antigen  and  therefore  even  in  alder 
individuals  does  not  stimulate  Vi  antibodies.  Ttus  the  total  lack  of 
serologic  response  to  Vi  where  measured  in  these  studies  in  young  children 


k 

L 

21 

is  oompletaly  as  expected  (Table  2). 

lymphocyte  cultures  from  the  vaccinated  and  placebo  infants  responded 
to  mitogens.  However,  the  lymphocytes  collected  past-vaccination  failed 
to  show  evidence  of  replication  in  tbs  presence  of  S.  typhi  O 
polysaccharide  or  control  (S.  thcmpson  or  E.  coli)  0  polysaccharides. 


1 


22 


REFERENCES 

1)  Formal  SB,  Baron  IS,  Kopecko  DJ,  Washington  O,  Powell  C,  Life  CA. 
Construction  of  a  potential  bivalent  vaccine  strain:  introduction  of 
Shigella  some!  form  I  antigen  genes  into  the  galF.  Salmonella  typhi 
Ty21a  typhoid  vaccine  strain.  Infect  I  noun  1981;  34:746-760. 

2)  Clements  JD,  EL-Morshidy  S.  Construction  of  a  potential  live  oral 
bivalent  vaccine  for  typhoid  fever  and  cholera- Etcher ichia  coli -related 
diarrheas.  Infect  and  Innun  1984;  46:564-569. 

3)  Manning  P,  Beuzenroeder  Nf,  Yeadon  J,  Leavesley  DI,  Reeves  PR,  Rowley 
D.  Molecular  cloning  and  expression  in  Escherichia  ooli  K-12  of  the  0 
antigens  of  the  Inaba  and  Ogam  serotypes  of:  the  vibrio  choleras  01 

? ipopolysaccharides  and  their  potential  for  vaccine  development.  Infect 
Innun  1986;  53:272-277. 

4)  Black  R,  Levine  MM,  Young  C,  et  al,  Chilean  Typhoid  Committee. 
Imaunogenicity  of  Ty21a  attenuated  Salmonella  typhi  given  with  sodium 
bicarbonate  or  in  enteric-ccated  capsules.  Develop  Biol  Stand  1983; 
53:9-14. 

5)  Levine  m,  Grades  O,  Gilman  RH,  Woodward  WE,  Soli  3-Plaza  R,  Waldman  W. 
Diagnostic  value  of  the  Widal  test  in  areas  endemic  for  typhoid  fever. 
Am  J  Trap  Med  Hyg  1978;  27:795-800. 

6)  Larva ta  C,  Levine  M4,  Ristori  C,  et  al.  Vi  serology  in  defection  of 
chronic  Salmonella  typhi  carriers  in  an  endmic  area.  Lancet  1983; 
11:441-443. 


TABLE 


Iff 


c* 


L> 

< 

^  X  -i 

h  2  a 

*  E  « 
1*0 

*  C0  U 
Z  Z 

5  <-> 

(3  U 


Is- 


-  «  * 


r*  »  «• 

-  |A  8 


a 

M 

1 

C! 

a 

a 

•> 

> 

Q 

u 

u 

•• 

C4 

•* 

-• 

u 

•S 

UI 

•V 

-* 

• 

< 

> 

U 

a 

*• 

n 

m 

X 

> 

©I 

«! 

W 

• 

u 

u.1 

>♦ 

0 

o 

a 

-J 

pm 

o 

o 

• 

o 

X 

o 

a. 

1  o| 

z 

<J 

> 

X' 

A 

i0 

w 

® 

* 

V) 

K 

©• 

n 

CO 

I 

u 

V, 

N* 

V. 

• 

• 

UJ 

.J 

c 

am 

o 

N 

n 

* 

S 

< 

1 

w 

fi. 

S 

a! 

o 

Q 

Z 

Ui 

Q 

< 

> 

a 

•; 

• 

H 

£ 

Ci 

* 

N 

9 

1* 

— 

fit 

mm 

m 

•* 

L 

u! 

-v 

*V 

N» 

• 

u. 

9 

ul 

M 

O 

« 

o 

•: 

a 

l  >1 

t  e 

*  6 

a 

“  * 

©  c:  n 

a  (-1  t 

<  O  <0 


£  « 

U  ** 
X  O 
K  H* 


TABLE 


a 

a 

a 

a 

c 

1 

r* 

N 

a 

• 

a| 

v 

v 

X 

X 

a 

a  > 

I 

o 

o 

*• 

** 

• 

•* 

a  m 

c 

*  a 

• 

a  < 

a 

a 

fx 

a 

Ub 

I 

N 

0 

O 

K  > 

> 

V 

X 

X* 

X 

> 

w  -J 

c 

O 

a 

O 

0 

a 

*  5 

< 

3 

o 

• 

2  C. 

L 

a 

%» 

i  > 

> 

*D 

a 

a 

a 

o 

L 

M 

0  1 

N 

a 

j0 

3 

3  J  2 

l 

V 

X 

Z 

X 

• 

a 

u  _  ” 

•• 

a. 

O 

O 

O 

u 

<  2 

< 

1 

• 

X 

*  •«  < 

C  X 

<  a 

Q 

a 

N 

a 

£ 

o  ■  r- 

t 

N 

►- 

a 

a 

i  _  «■ 

•*»  > 

> 

X 

X 

z 

X 

■ 

«*» 

„  z 

>  n 

I 

o 

O 

o 

£ 

.  ul  I 

a 

I  AC  O 

a 

3  ° 

• 

c 

j  -»  < 

a 

o  "  ** 

x 

a 

a 

a 

a 

3 

a 

i  1  N 

1 

rx 

a 

0 

3  3 

u  > 

o  — 

a. 

x 

V. 

X* 

X 

L 

• 

S  «9  *" 

-  a 

^  -o 

1 

o 

O 

*“ 

a 

~  C 

•  0 

X  5  S 

• 

C  *“ 

o  3  * 

C  B 

1 

• 

a 

a 

c 

** 

< 

> 

N 

•» 

A 

«* 

u  a 

> 

1 

x 

X 

X 

X 

o 

u  c 

X  A 

a 

O 

O 

n 

u 

•  ** 

„  Q  < 

a 

>  + 

“  X  > 

> 

3 

o  < 

« 

o  a 

o  £ 

< 

z  a 

o  t 

4/1 

> 

> 

x  a 

>>  *- 

i  •  a 

a 

0 

a 

a 

•  S 

o  * 

«  - 

•  0.1 

N 

N 

0 

>  • 

*  i 

0  u. 

1  1 

v 

X 

X 

X 

• 

**  £ 

UJ  * 

X)  1 

o 

O 

* 

«  M 

—  c 

> 

x-  a 

~  c 

1 

♦ 

a  > 

c  - 

m 

a 

fx 

a 

o  •** 

< 

a 

c* 

*■ 

0 

a  * 

2 

<■  >1 

x 

X. 

X 

X 

O  i 

3  1 

o 

A 

O 

4ft 

•  a 

a  a 

z  a 

t 

■i 

♦  a 

1 

* 

•  1 

J 

n 

« 

a 

O  1 

9i 

z  c 

dl 

• 

• 

• 

• 

a 

• 

0 

L 

C 

s 

>* 

X 

Q 

3 

* 

a 

O 

N 

0 

0 

a 

L 

t 

J 

J 

< 

o 

0 

« 

« 

n 

a 

O 

o 

o 

o 

o 

o 

0 

o 

0 

a 

> 

— 

■o 

£ 

£ 

£ 

a 

3 

o 

U 

u 

«• 

> 

X 

X 

o 

4/1 

H- 

*• 

OKHWCTHRELMCED  PUBLICATIONS 


Papers 

1.  Murray  BE,  Levine  MM,  Cordano  AM,  D'Ottone  K,  Jayanetra  P,  Kopedco  D, 
Pan-0 rai  R,  Prenzel  I.  Possible  reasons  for  the  paucity  of  resistance 
plasmids  in  Salmonella  Typhi.  J  Infect  Dis  1985;  151:551-555. 

2.  Black  RE,  Cisneros  L,  Ltvine  MM,  Banfi  A,  Lcbcs  H,  Rodriguez  H.  A 
case-control  study  to  identify  risk  factors  for  endemic  typhoid  fever 
in  Santiago,  Chile.  Bull  Hid  Hlth  Qrg  1985  ;  63:899-904. 

3.  Avendano  A,  Herrera  P,  Horwitz  I,  Duarte  E,  Prenzel  I,  Ianata  C, 
Levine  MM.  Duodenal  string  cultures:  practicality  and  sensitivity 
for  diagnosing  enteric  fever  in  children.  J  infect  Dis  1986; 
159:356-362. 

4.  Edelman  RE,  Levine  MM.  Summary  of  international  workshop  on  typhoid 
fever.  Rev  Infect  Dis  1986;  8:329-349. 

5.  Maher  K,  Mossir  JG  Jr,  Gotuzzo  E,  Benawente  L,  Black  RE,  Hard  IR, 
Levine  m.  Molecular  techniques  in  the  study  of  Salmonella  typhi  in 
epidemiologic  studies  in  endemic  areas:  comparison  with  vT~phage 
typing.  Am  J  Trap  Med  Hyg  1986;  35:831-835. 

6.  Tacket  CD,  Ferreccio  C,  Robbins  JB,  Tsai  C-M,  Schulz  D,  Cadoz  M, 
Goudeau  A,  Levine  M4.  Safety  and  immunogenicity  of  two  Salmonella 
typhi  Vi  capsular  polysaccharide  vaccines.  J  Infect  Dis  1986; 
154:342-345. 

Chapters 

1.  Levine  MM,  Black  RE,  Ferrecdo  C,  Clements  *£>,  Lanata  C,  Rooney  J, 
Chilean  Typhoid  Committee.  The  efficacy  of  attenuated  Salmonella 
typhi  oral  vaccine  strain  Ty21a  evaluated  in  controlled  field 
trials.  In:  Holmgren  J,  Lindberg  A,  Mollby  R:  Proceedings  of  the 
Nobel  Conference  on  Recent  Advances  in  vaccines  and  Drugs  against 
Diarrhoeal  Disease,  Stockholm,  June  3-6,  1985.  Student  Liter atur , 
Gothenberg,  1986;  90-101. 

2.  Levine  m.  Black  RE,  Ferreccio  C,  Clements  M,,  Ianata  C,  Sears  S, 
Morris  JG,  Cisneros  L,  Gennanier  R,  Chilean  Typhoid  Commission, 
Interventions  to  Control  Endemic  Typhoid  Fever:  Field  Studies  in 
Santiago,  Chile.  PASO  Scientific  Publication,  Washington,  D.C.,  in 
press,  1986. 

Presentations  at  National  and  International  Meetings 

1.  Levine  MM,  Black  RE,  Ferreccio  C,  Clements  ML,  Ianata  C,  Rooney  J, 
Gennanier  R,  Chilean  Typhoid  Qamittee.  The  efficacy  of  attenuated 
Salmonella  typhi  oral  vaccine  strain  TyZLa  evaluated  in  controlled 
field  trials.  Development  of  Vaccines  and  Drugs  against  Diarrhea. 
11th  Nobel  Conference,  Stockholm,  June  3-6,  1985. 


26 


Presentations  at  National  and  International  Meetings  (coot. ) 

2.  Levine  m,  Loaortsky  G,  Herrington  D,  Kaper  JB,  Eacket  CD,  Rennels  MB, 
Morris  X.  Pediatric  Diarrhea:  The  challenge  of  prevention. 
Thrasher  International  Conference  on  Pediatric  Enteric  Infections. 
Salt  lake  City,  June  13-15,  1985. 

►  3.  Levine  MM.  Status  of  vaccines  against  enteric  infections.  Typhoid 

Vaccines.  In  ter  science  Conference  an  Antimicrobial  Agents  find 
Chemotherapy.  Minneapolis,  September  29  -  October  2,  1985. 


4.  Levine  MM.  New  vaccines  under  development.  Federation  of  Societies 
for  Experimental  Biology.  St.  Louis,  April  13,  1986. 

5.  Levine  Mt.  Salmonella  typhi  Vaccine.  International  Symposium  on 
Vaccine  Development  and  Utilization.  Sponsored  by  the  O.S.  Agency  Cor 
International  Development  and  the  Pan  American  Health  Organization. 
Washington,  D.C.,  June  9  and  10,  1986. 

6.  Levine  Mt.  Vaccines  against  bacterial  infections.  International 
Congress  of  Pediatrics,  Honolulu,  July  9,  1986. 

7.  Levine  JJ.  New  approaches  to  antibacterial  vaccines.  Vaccines  against 
enteric  infections.  IXth  International  Congress  of  Infections  and 
Parasitic  Diseases.  Hmich,  July  20-26,  1986. 


APPENDIX  A 


INTERVENTIONS  TO  CONTROL  ENDEMIC  TYPHOID  FEVER: 
'  FIELD  STUDIES  IN  SANTIAGO,  CHILE1 


Myron  M.  Levin*,  Robert  E.  Black,  Catterin*  Ferrecrio,  Mary  Loo 
Clements,  Claudio  Janata,  Stephen  Sean,  J.  Gltan  Morris,  Luis  Cisneros, 
and  Rene  Gennanaer,2  and  the  Chilean  Typhoid  Commission2 


Introduce— 

Typhoid  fever,  the  acute,  often  debilitat¬ 
ing.  febrile  illness  representing  generalized 
infection  of  the  reticuloendothelial  system,  in* 
lestina)  lymphoid  tissue  and  gall  bladder,  is 
endemic  in  many  less-developed  areas  of  the 
world.  Man  is  the  sole  reservoir  and  host  of 
the  infection  (Figure  1),  in  contrast  with  other 
Salmonella,  which  are  typically  zoonotic  in¬ 
fections  of  domestic  and  herd  animals  (I). 
Approximately  3-5%  of  acute  S.  typhi  infec¬ 
tions  result  in  chronic  gall  bladder  infection, 
giving  rise  to  long-term  biliary  carriers.  The 
propensity  to  become  a  carrier  following  acute 
infection  increases  with  age  and  is  greater  in 
females,  thus  paralleling  the  epidemiology  of 
gall  bladder  disease  (2-4).  Asymptomatic 
chronic  carriers  comprise  the  reservoir  that 
maintains  the  endemicity  of  the  disease  by 


•  This  work  was  supported  by  jraots  from  the  World 
Heahh  Organization,  the  Pan  American  Health  Organi¬ 
zation.  and  the  Health  Development  Corporation.  Moun¬ 
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C-U15  from  the  U.S.  Array  Medical  Research  and 
Development  Command. 

-  Center  for  Vaccine  Development.  Division  of  Geo¬ 
graphic  Medicine;  University  of  Maryland  School  of 
Medicine.  Baltimore.  Maryland;  the  Ministry  of  Health, 
Santiago.  Chile;  and  the  Swiss  Serum  and  Vaccine  Insti¬ 
tute.  Berne.  Switzerland. 
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clude  Augusro  Schuster.  Hector  Rodriguez.  Jose  Manuel 
Borgofio.  Conrado  Riston.  Heroin  Lobos.  Ingeborg 
Prrazel.  and  Maria  Eug-nia  Pinto. 


contuoiaatioo  of  food  and  water  vehicles 
(Figure  1);  direct  contact  spread  of  typhoid 
fever  is  teladvdy  uncommon  (I). 

Recognition  of  the  above-mentioned  facts 
helps  explain  most  of  the  observations  regard¬ 
ing  the  global  occurrence  of  typhoid  fever.  It 
is  endemic  in  less-developed  areas  where  sani¬ 
tation  and  food  hygiene  are  primitive.  How¬ 
ever,  the  highest  incidences  occur  where 
piped  water  is  available  but  the  water  is  fe* 
cally  contaminated  and  untreated,  a  situation 
prevalent  in  many  large  cities  of  Europe  and 
North  America  in  the  late  19th  century  (5-7). 
This  phenomenon  of  piped  transport  of  im¬ 
pure  water  can  be  regarded  epidemiologicailv 
as  an  example  of  amplification  of  disease 
transmission. 

The  introduction  of  purification  (including 
chlorination)  of  water  supplies  and  treatment 
of  sewage  prior  to  discharge,  interrupted  the 
amplification  step  and  caused  a  precipitous 
fail  is  the  incidence  of  typhoid  fever  in  the  cit¬ 
ies  of  Europe  and  North  America  in  the  first 
three  decades  of  the  20th  century  (5-7).  Fig¬ 
ure  2  illustrates  this  drop  in  incidence  of  ty¬ 
phoid  fever  in  the  United  States.  This  pattern 
is  typical  of  virtually  all  countries  as  they  in¬ 
dustrialize  and  provide  chlorinated  water  and 
sewerage  systems  for  their  urban  populations 
(«). 

One  country,  Chile,  in  the  cone  of  South 
America,  represents  an  exception  to  the  above 
pattern.  By  most  criteria  of  health  and  quality 
of  life,  Chile  is  advanerd  well  beyond  the 
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Flgur*  1.  A  schematic  diagram  of  the  cycle  of  endemic  typhoid  fever 
•ltd  intervention  points. 


A 

HIGH 

INCIDENCE 


MNTVY  CAW*B» 

SAMTTAWT  and  HVGIEMC  WBCauTtONS 

Chronic  omen  comprising  the  reservoir  contaminate  food  and  *ater  vehicles.  These  are 
consumed  by  susceptible  hosts  leading  to  a  high  incidence  of  typhoid  fever.  Approximately  3- 
5%  of  infected  persons  become  chronic  gall  bladder  carriefsof  Salmonella  nphi  and  perpetu¬ 
ate  the  reservoir.  The  various  interventions  are  discuised  m  the  text. 


ranks  of  the  less-developed  countries.  Chile 
has  a  world-renowned  health  care  delivery 
system,  a  low  infant  mortality  rate  (Table  1), 
most  immunizable  communicable  diseases 
have  been  impressively  controlled  (Table  1), 
and  the  literacy  rate  is  94%.  In  the  capita] 
city,  Santiago,  96%  of  households  have  bacte- 
riologically  monitored,  chlorinated  water  and 
75%  have  connections  to  the  municipal  sew¬ 
erage  system  (9).  Nevertheless,  despite  these 
manifestations  of  a  high  level  of  development 
and  control  of  most  other  communicable  dis¬ 
eases,  typhoid  fever  is  highly  endemic  in 


Chile,  particularly  in  Santiago.  The  incidence 
of  typhoid  fever  in  Chile  from  I960  to  1981  is 
shown  in  Table  2.  During  that  period,  the  in¬ 
cidence  rate  has  usually  exceeded  50  cases  per 
10s  population;  since  1977  the  rate  has  sur¬ 
passed  90  per  ID5  in  Chile  and  150  per  10*  in 
Santiago. 

Santiago.  Chile  thus  provided  a  unique  op¬ 
portunity  to  intensively  study  the  epidemiol¬ 
ogy  of  endemic  typhoid  fever  and  its  control  in 
a  country  of  relative!;,  advanced  technology 
and  educational  development.  Accordingly, 
following  some  preliminary  epidemiological 
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Figure  X.  The  incidence  of  typhoid  fever  per 
100.000  pogulation  in  the  United  States  from 
1920  to  1970. 


and  seroepidemiological  studies  in  late  1978, 
a  multifaceted  program  “Studies  to  Control 
Endemic  Typhoid  Fever  in  Chile"  was  de¬ 
signed.  The  ultimate  goal  of  the  program  is  to 
reduce  the  incidence  of  typhoid  fever  in  Chile 
to  the  level  where  it  no  longer  represents  a  ma¬ 
jor  public  health  burden.  The  specific  objec¬ 
tives  of  the  program  have  included  (Figure  1): 

1;  Epidemiological  investigations  to  identify 
high-risk  groups,  risk  factors,  protective  factors, 
major  modes  of  transmission  and  specific  contami¬ 
nated  food  and  water  vehicles. 

2>  A  quantification  of  the  magnitude  of  the  res¬ 
ervoir  of  chronic  S.  ryphi  carriers. 


3)  Development  of  a  simplified,  sensitive,  and 
specific  sero  logical  assay  to  screen  large  numbers 
of  food  handlers  and  other  epideniologically  im¬ 
portant  groups  for  the  presence  of  chronic  typhoid 
carriers. 

4)  Evaluations  of  possible  noesurgicai  domitil- 
iary  antibiotic  treatments  to  eradicate  the  chronic 
carrier  state. 

5)  Environmental  bacteriology  studies  to  coo- 
firm  the  presence  of  S.  rypki  m  epidemioiogicaUj 
incriminated  waters. 

6)  Large-scale  controlled  field  trials  to  assess  the 
efficacy  of  a  five  oca I  attenuated  5.  rypki  vaccine 
(strata  Ty2 la)  in  the  prevention  of  typhoid  fern  la 
Chilean  schoolchildren  and  its  use  as  a  public 
health  intervention. 

Each  of  these  components  of  the  program 
will  be  reviewed  below.  The  project  represents 
a  collaborative  effort  involving  participants 
from  several  institutions  in  Chile  and  several 
abroad  as  well  as  international  agencies.  In¬ 
cluded  are  the  Chilean  Ministry  of  Health,  the 
Center  for  Vaccine  Development  of  the  Uni¬ 
versity  of  Maryland  School  of  Medicine,  the 
Pan  American  Health  Organization,  the 
World  Health  Organization,  the  Walter  Retd 
Amy  Institute  of  Research  and  the  Swiss  Se¬ 
rum  and  Vaccine  Institute. 


Epidemiological  Investigations 

Descriptive  Epidemiology 

Chile  is  a  long  narrow  country  stretching 
more  that*  3,000  miles  from  north  to  south. 
Approximately  4.5  million  of  Chile's  1 1 .8  miJ- 


Table  1.  Infant  mortality  rate  and  incidence  of  certain  immunizabl*  communicable  diseases  in  Chile. 

1964-1980. 


Year 

Measles 

Pertussis 

t'otiomreftm 

IrJaiii 

Mortality 

Rare 

Cases 

Incidence 

Cases 

Incidence 

Cues 

Incidence 

!<*>4 

35,941 

423-3* 

5.279 

62  9* 

363 

4J* 

105-3* 

IW» 

9,538 

99.7 

2.905 

30.4 

M 

0.7 

73.7 

14*5 

8.413 

82.1 

2.550 

24.9 

? 

0.0 

55.4 

19-0 

3,844 

34.0 

2.795 

25.2 

0 

0 

31.8 

*  Rate  per  100.000. 

’  Rate  per  1 .000  live  births. 
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Tabw  2.  Population  size,  number  of  cases  of  typhoid  fever,  and  morbidity 
ntu  for  typhoid  fever  in  Chile  and  Metropolitan  Santiago.  1960-1981. 


Chile 

Santiago 

Ye*- 

Population 

No.  of 

cues 

Rate  per 
10‘ 

Population 

No.  of 

cases 

Rate  per 
10-' 

196B 

7385350 

4548 

59.6 

2.439.093 

20*8 

85.2 

1961 

7.770.270 

4618 

59.2 

2330.593 

2.401 

94.9 

1961 

7,955,190 

3873 

4*9 

2.622.094 

2.034 

77.6 

1961 

1,140.110 

4185 

50.9 

2.713395 

2.158 

79.5 

196*- 

*325.030 

4732 

£6.0 

2.805.096 

2."31 

97.4 

1963 

8309.950 

5596 

64.6 

2.896396 

2.754 

95.1 

196» 

*.681,671 

4576 

513 

2.984350 

2.668 

90.1 

196T 

1,853393 

4536 

49.  i 

3.072.103 

2."4T 

19.4 

19U 

9.025.115 

7091 

75.5 

3.159.85" 

4390 

1453 

vm- 

9,196,837 

5358 

46.0 

3347.610 

3.463 

106.6 

1973 

9.368.558 

53*4 

in 

» 

o 

3334.936 

3.408 

1023 

1977 

93*5.449 

4784 

50.1 

3.425.061 

3.00" 

87.8 

19~ 

9.722341 

452" 

46.6 

3314.220 

2.640 

75.1 

19TT 

9.899,231 

3686 

r  j 

3  603.465 

1.865 

S1.8 

19"*-' 

10,076.123 

4655 

46.2 

3.693."67 

1424 

65.6 

19— 

10353,014 

6110 

59.6 

3.786.016 

3300 

924 

19"* 

10.454387 

6150 

59  I 

3.8-9.626 

3.545 

91.4 

19— 

10.655.757 

11333 

105.2 

3.974.43* 

-.o-o 

1-7.9 

19T& 

10.857.128 

13.114 

1203 

4.0*0.293 

8334 

204.8 

19"* 

11.058.498 

10.  "60 

9*J 

4.16*.000 

6.356 

152.6 

1986 

11359.871 

10.6"2 

4364316 

6.52* 

160.1 

1951. 

11.477,150 

10."59 

94.0 

4363.026 

"  6.93* 

159.0 

lion  inhabitants  live  in  metropolitan  San¬ 
tiago,  which  is  mcated  in  the  center  of  the 
country  in  a  vailsry  between  the  Andes  moun¬ 
tains  and  the  Pacific  Ocean.  Santiago  has  a 
temperate  “Mediitrrranean"  climate  with  wet 
winters  and  rainiest  summers. 

In  Table  2  are  iisted  the  population  of  San¬ 
tiago  and  of  Ctriie.  the  cases  of  typhoid  fever, 
and  incidence  raxees  from  1960-1981.  Approx¬ 
imately  one-half  ■the  cases  of  typhoid  fever  in 
any  year  are  reporrted  from  Santiago.  In  1977 
the  incidence  of  typhoid  fever  doubled  and  re¬ 
mained  at  elevaosi  rates  for  several  years.  It  is 
not  dear  what  factors  were  responsible  for  the 
doubling  of  the  ratification  rates  for  typhoid 
fever  since  1977.  Qt  is  apparently  not  due  to  an 
administrative  dnange  in  notification,  since 
there  was  not  a  similar  rise  in  nonenteric  in¬ 
fections. 

Typhoid  fever  shows  a  striking  seasonality 
in  Santiago,  where  it  is  a  warm-season  dis¬ 


ease.  Approximately  65%  of  cases  occur 
meen  December  1  and  April  30  of  each  y 
(Table  3). 

The  incidence  of  typhoid  fever  drops  as  < 
goes  further  north  or  south  from  Santia 
One  area  of  particular  interest  is  the  Los 
gos  Region,  where  many  persons  from  S 
riago  vacation  in  summer.  The  daytime  tt 
per&tures  in  this  region  can  be  quite  warn 
summer,  but  there  is  rainfall  all  year  lo 
Typhoid  is  very  uncommon  here. 

Table  4  shows  the  inddence  of  typhoid 
ver  by  administrative  area  of  Santiago  in 
years  1977  and  1978.  Area  Oriente,  an  are; 
affluence,  has  high  rates  in  addition  to 
poorer  areas  of  Santiago.  Furthermore, 
incidence  of  typhoid  in  Area  Oriente  is 
lieved  to  be  very  underreported  because  m 
febrile  children  there  are  cared  for  by  prh 
pediatririans  who  do  not  readily  notify  a 
to  the  Ministry  of  Health.  In  contrast. 


Table  3.  Mean  number  of  typhoid  fever  cases  by- 
month  in  Santiago.  Chile,  1970-1976  and 
1977-1981. 

Mean  No.  of  cates  Mean  No.  of  cates 


Month 

1970- 

1976 

%  of 
Total 

1977- 

1981 

W 

Total 

January 

421 

14.1 

948 

UJ 

February 

403 

13.5 

917 

■2.9 

Marvh 

415 

13.9 

1015 

14J 

April 

400 

13.4 

867 

12.2 

May 

302 

10.1 

60S 

8.3 

June 

183 

6.1 

529 

7.4 

July 

103 

3.5 

282 

4.0 

August 

76 

2.5 

124 

1.7 

September 

62 

2.1 

162 

2.3 

October 

109 

3.7 

215 

3.0 

No-cmb-r 

167 

5.6 

601 

U 

December 

340 

11.4 

841 

11.8 

Table  4.  Incidence  tates  of  typhoid  fever  by 
administrative  area.  Santiago.  Chile. 

Incidence  rate  - 10* 
Mean  socioeconomic  - 


Area 

level 

1977 

19^8 

5ur 

Low.  middle 

317.5 

3215 

Scr  Oriente 

Low.  middle 

117.0 

113.1 

Ocriieme 

Low.  middle 

140.9 

r'.o 

None 

Low,  middle 

125-5 

220.' 

Central 

Middle 

185.3 

168.6 

Oriente 

Middle,  upper 
middle,  high 

118.7 

161.9 

proximately  80-90%  of  children  in  the  other 
areas  of  Santiago  are  cared  for  by  physicians 
at  National  Health  Service  facilities  where  re¬ 
porting  is  compulsory. 

The  highest  incidence  of  typhoid  fever  is 
found  in  10-14  year  olds  (Table  5);  approxi¬ 
mately  60%  of  cases  occur  in  school-age  chil¬ 
dren  6-19  years  of  age.  In  contrast,  notifica¬ 
tion  rates  in  children  less  than  2  years  of  age 
are  very  low.  Notable  sharp  increases  in  the 
incidence  in  childhood  occur  in  3  year  olds 
•versus  2  year  olds)  and  in  6  year  olds  (versus  5 
year  olds). 


In  summary,  an  explanation  for  the  ende- 
micity  of  typhoid  in  Santiago  must  explain: 

•  the  high  incidence  In  schoolchildren. 

•  a  summer  seasonality  with  the  highest  md- 
denct  (December  to  mid -March)  occurring  when 
children  are  out  of  school  on  summer  recess. 

•  an  apparent  low  incidence  in  children  less 
than  2  yean  of  age. 

•  amplified  transmission  despite  high  levels  of 
sanitation. 

•  why  the  incidence  of  typhoid  fever  is  very  low 
la  the  Los  Lagos  Region,  despite  the  influx  into 
that  region  of  many  persons  (induding  presumably 
chrome  carriers)  from  Santiago. 


,  Strotpidtmiology 

Antibodies  to  the  flagellar  (H)  antigen  of  5. 
typhi  (d)  are  IgG  and  long-lived  (10).  They 
may  derive  from  immunization  or  clinical  or 
subclinical  infection  (10).  Where  parenteTaJ 
vaccine  is  nor  commonly  used,  as  in  Chile, 
measurement  of  the  prevalence  of  5.  typhi  H 
antibodies  can  give  helpful  insights  into  the 
epidemiology  of  typhoid  fever  (10).  In  Novem¬ 
ber  1978.  sera  were  obtained  from  healthy  15- 
19  year  olds,  as  well  as  other  age  groups,  in 
three  areas  of  Chile.  These  included:  1)  Area 
Norte,  Santiago,  representing  a  low  and  low- 
middle  socioeconomic  population:  2)  children 
from  an  exclusive  private  school  in  Proriden- 
cia.  Area  Oriente.  representing  an  affluent 
group;  and  3)  schoolchildren  in  the  Los  Lagos 
Region  of  southern  Chile,  where  the  reported 
incidence  of  typhoid  fever  is  low.  As  shown  in 
Figure  3.  25%  of  15-19  year  olds  in  Area 
Norte  had  S.  typhi  H  agglutinins  at  a  recipro¬ 
cal  titer  of  40.  The  prevalence  in  Proridencia 
15-19  year  olds  was  as  high  (in  fact  slightly 
higher,  34%).  In  contrast,  the  prevalence  of 
antibodies  in  teenagers  in  the  Los  Lagos  Re¬ 
gion  (12%)  was  significantly  lower  than  in 
Santiago  (p=0.G4).  Tr.e  seroepidemiological 
data  confirm  the  notification  data  regarding 
the  occurrence  of  typhoid,  i.e..  it  is  indeed 
common  in  high  socioeconomic  areas  of  San¬ 
tiago  but  is  rare  in  the  Los  Lagos  Region. 
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Table  5.  Age-specific  incidence  rates  and  case  of  typhoid  fever  in  Santiago.  Chile.  1970-1976  and 

1977-1931. 


1970-1976  1977-1981 


Age 

group 

Mean 

No.  cases 

%  at 
Total 

Mean 
incidence 
per  10* 

Mean 

No.  cases 

%of 

Tout 

Mean 

incidence 
per  10* 

0-4 

170 

5.9 

38.7 

421 

6.4 

89.2 

S-9 

524 

18J 

126-5 

1193 

17.1 

272.2 

10-14 

624 

21.8 

152.2 

1413 

20-3 

333.0 

15-19 

497 

17J 

135-5 

1465 

21.0 

28J.4 

20-24 

421 

14.7 

126.4 

728 

10-5 

246.7 

25-34 

407 

147 

72.0 

1023 

14.7 

I53J 

35-44 

134 

4.7 

33.6 

366 

3-3 

74.6 

45-54 

52 

1.8 

17.4 

179 

2.6 

50.2 

55-64 

2) 

0.8 

10.6 

16 

1.2 

36.0 

65 

9 

OJ 

5.2 

79 

1:1 

3ii 

*  1977-1981  rate  oror  1970-1976  rate. 


Figure  3.  The  prevalence  of  Salmonti'a  rvpki  H  antibodies  in  various  age  groups 
from  three  population  groups  in  Chile. 


AGE  PREVALENCE  OF  SALMONELLA  fyphi  H  ANTIBODY 
IN  SELECTED  AREAS  OF  CHILE 


*  TOTAL  NUUK*  O*  SUW.C3 
TESTED  IN  AGE  G»0U* 


1)  Area  None,  a  low  and  middle  socioeconomic  Morion  of  Santiago  with  a  high  reported  incidence  of 
typhoid  fever,  2)  children  from  a  private  school  in  Piwidencia.  aa  affluent  area  where,  nonetheless,  the 
incidence  of  typhoid  fever  is  high;  3)  Llanqnihue  and  Puerto  Vara,  in  the  Los  Lagos  Region  of  Southern 
Chita  where  the  reported  incidence  of  typhoid  fever  is  low. 
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Case/Control  Study 

A  case/ control  sthdy  attempted  tc  identify 
specific  vehicles  of  transmission  as  well  as  risk 
factors  and  protective  factors  (11).  This 
study,  which  involved  81  cases  age  3-14  years 
and  81  matched  controls,  incriminated  only 
one  possible  vehicle,  flavored  ices  sold  by 
street  vendors.  One  aspect  of  the  study  in¬ 
volved  the  collection  of  multiple  eoprocult- 
ures  from  the  food  handlers  in  both  the  case 
and  control  households.  Chronic  S.  typki  car¬ 
riers  were  identified  in  only  2  of  the  81  (2.5%) 
cases  and  1  of  81  (1.2%)  control  households. 
This  observation  was  the  first  evidence  to 
demonstrate  that  chronic  typhoid  carriers  in 
the  home  are  not  responsible  for  most  cases  of 
typhoid  fever  in  children  in  Santiago. 


Fsmily  Studies 

A'e  sought  to  further  examine  factors  in¬ 
volved  in  the  transmission  of  S.  typki  in  San¬ 
tiago  by  interviewing  and  culturing  the  house¬ 
hold  members  of  recently  confirmed  pediatric 
cases.  This  represents  a  more  intensive  study 
c:  :he  household  as  the  possible  site  in  which 
transmission  of  typhoid  infection  may  be  oc¬ 
curring.  Two  separate  studies  involving  24 
and  39  households,  respectively,  were  carried 
on;  in  which  attempts  were  made  to  identify 
chronic  typhoid  carriers  as  well  as  possible 
concurrent  (or  secondary)  cases  by  culturing 
household  foodhandlers  and  contacts  below 
1  ?  years  of  age  (these  represent  high-risk  indi¬ 
viduals)  (12,  C.  Ferreccio  tt  al.  unpublished 
data). 

Ninety-six  percent  of  the  households  had 
municipal  water  and  79%  were  connected  to 
*_he  city  sewerage  system.  A  chronic  S.  typki 
carrier  was  identified  in  only  one  (1.6%) 
h  :_sehold.  Most  importantly,  only  two  con¬ 
comitant  cases  wete  identified  among  the 
scr  res  of  high-risk  children  less  than  19  years 
::  age  who  were  cultured.  Eighty-six  percent 


of  index  cases  gave  a  history  of  eating  outside 
the  household  at  least  once  each  week. 

In  summary,  the  data  from  family-based 
studies  confirm  the  earlier  observation  that  it 
is  uncommon  to  find  a  chrome  carrier  in  the 
house  hold  of  as  index  case.  Furthermore,  the 
low  frequency  of  concomitant  cases  among 
high-risk  siblings  strongly  suggests  that  the 
vehicle  of  transmission  in  children  and  teen¬ 
agers  is  usually  consumed  outside  the  home, 
otherwise  more  concomitant  cases  would  be 
expected. 


S.  typki  Infection  in  Infants 

Few  cases  of  typhoid  fever  are  reported  in 
children  less  than  2  years  of  age  fo  Santiago. 
This  could  represent  a  lack  of  consumption  of 
the  vehicles  that  transmit  S.  typki  to  older 
children  or  could  imply  that,  following  inges¬ 
tion  of  the  usual  vehicles  of  transmission,  m- 
fants  manifest  an  atypical  response  to  bfec- 
tion  that  is  not  readily  recognized  clbically. 
To  help  resolve  this  question  we  systemati¬ 
cally  performed  blood  cultures  in  children  less 
than  2  years  of  2ge  with  fever  who  were  seen  at 
two  he?lth  centers  in  Santiago  during  the 
three  peak  months  of  the  typhoid  fever  season 
(13).  Of  19"  outpatients  less  than  24  months 
of  age  with  fever  who  were  cultured.  S.  typki 
was  isolated  from  the  blood  cultures  of  four 
infants  (2%).  S.  paratyphi  B  from  two  (1%) 
and  S.  paratyphi  A  from  one  (0.5%).  The 
clinical  syndrome  in  these  infants  was  very 
mild,  consisting  of  1-5  days  of  fever  (38.3- 
38.89C)  and  respiratory  symptoms.  In  no  in¬ 
stance  was  enteric  fever  considered  in  the  dif¬ 
ferential  diagnosis  and,  were  it  not  for  the 
study  protocol,  a  blood  culture  would  not 
have  been  taken  from  any  infaat. 

These  data  demonstrate  that  during  the  ty¬ 
phoid  fever  season  in  Chile  children  less  than 
2  years  of  age  are  becoming  infected  at  a 
much  higher  rate  than  previously  appreci¬ 
ated.  The  mode  of  transmission  and  specific 
vehicles  have  yet  to  be  identified. 
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Environmental  Bacteriology  S  to  dir* 

The  observation  that  most  cases  of  typhoid 
fever  are  no'  associated  with  a  chronic  carrier 
in  the  home  made  us  turn  our  attention  to  a 
closer  inspection  of  the  water  and  sewerage 
system.  We  learned  that  although  three* 
fourths  of  Santiago  households  were  con* 
nected  to  the  sewerage  system  there  is  no 
treatment  of  sewage.  Thus,  raw,  untreated 
sewage  enters  the  Mapocho  River  (which  tra* 
verses  northern  Santiago)  or  the  Zanjdn  de  la 
Aguada  (a  large  open  sewer  that  traverses 
southern  Santiago  from  east  to  west  before 
emptying  into  the  Mapocho  River  southwest 
of  the  city)  (Figure  4).  As  the  Zanjdn  and  the 
Mapocho  River  reach  the  westernmost  por¬ 
tion  of  metropolitan  Santiago,  their  fecally 
polluted,  untreated  waters  are  diverted  for  ir¬ 
rigation  of  crops  during  the  rainless  summer 
season.  Prior  to  May  1983.  90%  of  the  crops 
grown  in  this  region  were  lettuce,  cabbage 


and  celery,  vegetables  that  are  difficult  to 
wash  and  are  eaten  raw  in  salads  in  Chile. 

The  hypothesis  that  raw  vegetables  grown 
with  untreated  waste  waters  and  fruit  “fresh¬ 
ened"  with  contaminated  river  water  repre¬ 
sent  important  vehicles  of  transmission 
successfully  explains  the  following  epidemio* 
logical  observations. 

•  the  striking  seasonality  of  typhoid  (irrigation  is 
used  in  the  sumner  when  there  are  no  rains). 

•  the  to«  reported  incidence  in  young  children 
(raw  vegetables  are  not  an  important  food  hem  for 
infants  and  toddlers). 

•  the  high  incidence  of  typhoid  fever  in  high  so¬ 
cioeconomic  neighborhoods  of  Santiago  (they  eat 
salads  in  restaurants  and  at  home). 

•  the  low  incidence  of  typhoid  fever  m  the  Los 
Lagos  Region  of  Chile  (because  of  year-round  rains 
in  this  region,  irrigation  is  nor  used). 

Prior  to  1983.  Chilean  microbiologists  car¬ 
ried  out  a  series  of  environmental  microbiol¬ 
ogy  studies  in  attempt*  to  isolate  5.  xyphi 


Figure  4.  A  map  showing  the  two  major  water  channels,  the  Mapocho  River  and  the 
Zanj6n  de  la  A^jaJa.  which  rece<ve  untreated  sewage  as  they  traverse  Santiago.1 


•  These  untreated  wastewaters  are  used  (or  irrigation  of  vegetables  in  Mai?ii  aai  Ptiahuel  during  the 
rainless  sum  men 
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from  waters  of  the  Zanjdn  and  the  Mapocho 
River  and  from  vegetables  irrigated  with  un¬ 
treated  wastewater  (14*16).  While  heavy  con¬ 
form  counts  and  many  nontyphoidai  Salmo¬ 
nella  were  found,  S.  typhi  was  never  isolated 
from  vegetables  or  from  the  Zanjdn  and  was 
isolated  only  once  from  the  Mapocho  River 
i/7).  The  past  failure  to  isolates,  typhi  from 
the  polluted  waters  was  in  conflict  with  our 
epidemiological  incrimination  of  this  waste- 
water.  In  review  of  the  earlier  Chilean  studies, 
we  concluded  that  the  bacteriological  meth¬ 
ods  were  efferent,  but  the  techniques  of  envi¬ 
ronmental  sampling  appeared  suboptimal. 
Therefore  we  initiated  new  environmental 
bacteriological  studies  (18)  using  Moore 
swabs  (19*21)  (thick  wads  of  cotton  gauze 
which  are  left  in  the  flowing  wastewater  for  2- 
3  days  allowing  the  gauze  to  act  as  a  filter)  to 
collect  samples.  The  Moore  swab,  originally 
described  in  England  in  1948  (19).  is  a  con¬ 
centrating  method  that  has  been  used  suc¬ 
cessfully  to  locate  the  homes  of  chronic  S. 
typhi  carriers  by  isolating  the  organism  from 
sewage  effluents  (19-24).  Moore  swabs  have 
been  extremely  useful  in  the  investigation  of 
urban  typhoid  fever  outbreaks  in  Europe,  Ja¬ 
pan.  and  the  United  States  of  America  (19- 
24 j.  However,  the  efficacy  and  reliability  of 
Moore  swabs  in  endemic  areas  had  not  previ¬ 
ously  been  assessed.  Nevertheless,  based  on 
its  success  in  finding  S.  typhi  in  sewage  con¬ 
taminated  by  carriers  in  industrialized  areas, 
we  decided  to  employ  modified  Moon  swabs 
to  isolated  S.  typhi  from  environmental 
sources  in  Santiago. 

Microbiological  examination  of  rivers  and 
irrigation  canals  of  Santiago,  Chile  was  car¬ 
ried  out  from  January  to  March  1983.  The 
rwo  major  waterways  in  Santiago  that  cam* 
wastewater  are  the  Mapocho  River  in  the 
north  and  the  Zanjdn  de  la  Aguada  canal  in 
the  south  (Figure  4).  Untreated  sewage  flows 
directly  into  these  waters,  which  are  used  for 
irrigation  in  the  agricultural  districts  of 
Maipu  and  Pudahuel  (on  the  perimeter  of  the 
city).  The  Zanjdn  de  la  Aguada,  which  is 
heavily  contaminated  with  industrial  waste 


from  the  central  secdon  of  the  city,  receives 
untreated  sewage  and  becomes  fecally  pol¬ 
luted  as  it  flows  westward.  During  the  final 
lew  kilometers  as  it  approaches  the  agricul¬ 
tural  areas,  no  further  sewage  is  discharged  in 
an  attempt  to  allow  a  degree  of  self-purifica¬ 
tion  of  the  wastewater. 

Wc  placed  133  swabs  into  the  Mapocho 
River  and  the  Zanjdn  de  la  Aguada  and  recov¬ 
ered  93.  None  of  the  1 7  swabs  placed  in  indus¬ 
trial  areas  grew  S.  typhi.  In  contrast,  4  of  the 
31  swabs  from  the  Zanjdn  de  la  Aguada  with¬ 
out  industrial  discharge  (13%)  and  4  of  45 
from  the  Mapocho  River  (8.3%)  contained  S. 
typhi.  Of  the  76  swabs  placed  in  agricultural 
areas.  8  were  culture- positive  (1 1  % )  Of  the  8 
isolates.  5  were  phzge  type  cl  and  46,  the  two 
most  common  disease-causing  types  in  Chile, 
one  strain  wss  untypable.  and  the  other  two 
were  N  and  Ml. 

Thus,  using  Moore  swabs,  we  were  able  to 
isolate  S.  typhi  from  irrigation  water  in  San¬ 
tiago.  Chile.  Since  the  sensidvityof  the  Moore 
swab  is  inversely  related  to  the  size  of  the  wa¬ 
terway  sampled  (21).  our  isolation  rate  of 
11%  from  these  large  waterways  is  probably 
an  underestimate.  S.  npki  is  fastidious,  easily- 
inhibited  by  coliforms.  and  usually  present  in 
relatively  small  numbers  in  environmental 
samples  (22).  The  Moore  swab,  by  acting  as  a 
filter,  improves  the  chance  of  isolating  rare  S. 
typhi  among  millions  of  coliforms.  and  we 
have  now  shown  it  to  bt  a  practical,  reliable 
tool  to  isolate  S.  typhi  from  irrigation  water  in 
endemic  areas.  Finding  S.  typhi  with  the 
same  phage  types  as  disease-causing  isolates 
in  irrigation  water  supports  the  hypothesis, 
based  on  epidemiological  observations,  that 
contaminated  vegetables  in  Santiago  serve  as 
important  vehicles  of  transmission. 


Studies  with  Chronic  Carriers 

Quantitation  of  the  Resenoir 

Using  epidemiological  techniques,  we  esti¬ 
mated  that  in  19S0  there  existed  25,019  fe- 
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male  and  4.575  male  chronic 5.  typ’ii  carriers 
among  the  4.264.51S  inhabitants  of  Santiago, 
giving  a  prevalence*  of  694  carriers  per  10s 
population  (24,  25). 

Simple  Serological  Screening  Test  for 
Carriers 

Simple,  yet  reliable,  screening  tests  are  re¬ 
quired  to  allow  rapid  and  effective  identifica¬ 
tion  of  chronic  carriers.  Shortly  after  the  orig¬ 
inal  description  of  the  V:  antigen  by  Felix  and 
Pitt  in  the  1930s  (26),  they  noted  that  chronic 
carriers  had  high  titers  of  Vi  antibody  (mea¬ 
sured  oy  bacterial  agglutination  using  Vi-rich 
bacteria)  and  suggested  that  this  sero!ofy 
might  serve  as  a  screening  test  to  detect  cam-  ' 
en  (27).  Over  the  next  45  years,  great  debate 
occurred  on  this  subject  due  to  widely  diver¬ 
gent  results  of  various  investigates  (28-31). 
Until  recently,  all  assays  were  limited  by  the 
lack  of  purity  of  the  antigen.  However,  a  few 
years  ago  highly  purifieo  Vi  antigen  became 
available  (32)  Vi  serology  using  this  puriFied 
antigen  in  a  passive  hemagglutination  (HA) 
test  was  successful  in  detecting  chronic  carri¬ 
ers  in  outbreak  ^..uations  in  nonend... ..c 
areas  (JJ).  Therefore  we  undertook  to  evalu¬ 


ate  the  urlity  of  this  serological  screening  test 
to  identify  carriers  in  an  endemic  area.  San¬ 
tiago,  Chile  (34).  Sera  were  tested  from  the 
following  Chilean  populations: 

1)  36  bacteriologicaUy-confirmcd  known  chron¬ 
ic  carriers. 

2)  29  proems  of  both  sexes,  age  18  yean  and 
over,  with  acute  typhoid  fever. 

3)  388  women  who  had  confirmed  typhoid  fever 
12-48  months  earlier  and  who  were  apparently  not 
carriers  (based  on  three  negative  stool  cultures). 

4)  59  healthy  individuals,  age  16-46  years. 

Of  the  36  chronic  carriers.  27  (75%)  had  Vi 
reciprocal  titers  of  2160  (see  Table  6), 
whereas  only  8%  of  the  388  noncarrier  women 
(p  <  0.001)  and  3%  of  59  health  subjects 
(who  had  no  bacteriological  screening) 
(p  <  0.001)  had  titers  2160.  The  frequency 
of  titers  2 160  in  patients  with  acute  typhoid 
fever  (38%)  was  also  significantly  lower  than 
that  in  chronic  carriers  (p  <  0.005).  The  geo¬ 
metric  mean  titer  in  the  chronic  carriers  waj 
significantly  tp  <  0.001)  higher  than  ihat  in 
any  of  the  other  groups  (Table  6).  Using  the 
388  culture-negative  women  as  negative  con¬ 
trols,  a  Vi  antibody  titer  of  2 160  was  75% 
sensitive  and  at  least  92%  specific  in  detect¬ 
ing  chronic  carriers. 

In  Santiago,  the  predictive  value  (35)  of  a 


Table  6.  Prevalence  of  Vi  antibody*  in  chronic  Salmontllj  t\phi  earners,  acute  rvphoid 
fever  and  healthy  populations  in  Santiago.  Chile. 

Reciprocal  %  witt  reciprocal  titer 
geometric  -  -  ■■  ■■■■■  - 


mean 


Croup 

Characteristics 

N 

titer 

S-tO 

30 

2  160 

Chronic  S.  typhi 
c-met. 

92%  females 
17-59  yean 

36 

2% 

14 

11 

-5 

Acute  typhoid 
fever  pniicnn 

Both  sexes 

18-30  years 

29 

53 

48 

14 

38 

.  jncarrim  with 
typhoid  fever 

100%  females 
24-62  years 

388 

21 

85 

- 

• 

1-4  years 
earlier 

Healthy  Chileans 

Both  sexes 

16-46  yean 

59 

16 

8? 

12 

3 

•  Measured  by  passive  hemagglutination  using  highly  purified  Vi  antigen. 


riter  «e 160  is  at  least  8%  in  the  general  adult 
population.  16%  in  women  '40  yean  and 
older,  and  3'%  in  women  25  yean  and  older 
vkb  history  of  confirmed  typhoid  fever.  The 
practical  application  of  the  simple  passive  he¬ 
magglutination  assay  with  highly  purified  Vi 
antigen  to  detect  chronic  5.  ryphi  carrien  in 
an  endemic  area  Tike  Santiago,  Chile  depends 
{rsuhr  on  its  predictive  value.  Since  the  pre¬ 
dictive  value  is  high  in  populations  with  high 
chronic  S.  ryphi  carrier  rates  (such  as  elder 
women),  screening  high-risk  groups-  of  the 
population  is  warranted  as  part  of  a  program 
to  control  typhoid  fever.  For  this  reason,  sys¬ 
tematic  serological  screening  of  foodhandlers 
ia  Santiago  schools  (90%  of  whom  are  women 
ever  30  years  of  age)  has  been  initiated. 

Treatment  of  Chronic  Typhoid  Carriers 

When  a  chronic  5.  ryphi  carrier  is  identi¬ 
fied.  interventions  must  be  initiated  to  mini¬ 
mize  the  chance  for  transmission  of  S.  ryphi 
by  carrier  to  suscepribles.  Health  educa¬ 
tion.  including  counseling  on  personal  hy¬ 
giene  acd  food  preparation  techniques,  is 
fnrianental.  Ideally,  however,  therapy  to 
eradicate  the  chronic  carrier  state  is  desired. 
Tie  currently  recognized  “gold  standard”  of 
therapy  involves  cholecystectomy  followed  by 
several  weeks  of  antibiotic  (usually  ampicillin 
or  amoxicillin)  therapy.  Obviously,  such  a 
therapeutic  regimen  involving  major  abdomi¬ 
nal  surgery  is  unsuitable  as  a  routine  public 
health  intervention  in  endemic  areas  where 
the  prevalence  of  carriers  is  high.  Thus,  for 
decades,  an  alternative,  nonsurgical  thera- 
pecac  regimen  has  been  sought  to  success¬ 
fully  cure  chronic  S.  ryphi  carriers. 

Italian  investigators  (36 )  reported  that  two 
weeks  of  intravenous  ampicillin  (1.0  g  q  8  h) 
successfully  cured  19  chronic  S.  ryphi  biliary 
carriers.  However,  intravenous  antibiotic 
‘herapv  precludes  self-administered  domicil- 
’•**7  treatment  and  thus  is  also  not  practical 
frrrtbiic  health  use.  The  advent  of  amoxicil- 
aa  r_a it  available  a  superbly  absorbed  ana¬ 


log  of  ampicillin  that  provides  serum  levels 
following  oral  administration  that  were  previ¬ 
ously  achievable  only  with  parenteral  admin¬ 
istration  of  ampicillin.  Furthermore.  like  am- 
picillin.  amoxicillin  is  concentrated  in  bile. 
Nolan  tt  at.  (37)  recognized  that  these  fea¬ 
tures  of  amoxicillin  made  it  worthy  of  evalua¬ 
tion  as  a  nonsurgical  treatment  tor  the 
chronic  £  ryphi  carrier  state.  Nolan  era/.  (37) 
treated  15  chronic  5.  ryphi  biliary  carriers 
with  oral  amoxicillin  (2.0  g  three  times  d-ily) 
for  28  days.  Long-term  cures  were  observed  in 
9  of  10  carriers  who  were  able  to  complete  the 
month  of  therapy. 

Encouraged  by  these  preliminary  results  of 
Nolan  et  at.  (37).  we  proceeded  to  evaluate  a 
28-day  course  of  oral  zmoxiciilin  (2.0  g  three 
rimes  daily)  plus  probenecid  (0.5  g  three  times 
daily)  in  treatment  of  chronic.?,  ryphi  carriers 
in  Santiago.  Chile  (C.  Lanata  et  at.,  unpub¬ 
lished  data).  Twenty-eight  confirmed  chronic 
carriers  (27  females)  began  the  course  of  ther¬ 
apy.  Antibiotic  and  probenecid  for  each  day 
of  therapy  were  provided  in  small  vials.  Medi¬ 
cation  was  taken  at  home  or  at  work  and  the 
rimes  of  dosing  were  recorded  by  the  patient 
in  a  small  diary.  Patients  were  risked  in  their 
homes  at  least  once  weekly  on  a  scheduled  ba¬ 
sis.  In  addition,  random  unscheduled  visits 
were  made  at  least  once  weekly.  At  both 
scheduled  and  surprise  visits,  urine  speci¬ 
mens  were  collected  for  measurement  of 
amoxicillin  levels. 

Two  of  the  28  patients  were  unable  to  com¬ 
plete  the  course  of  amoxicillin  therapy  be¬ 
cause  of  severe  allergic  reactions  which  were 
manifested  in  the  first  or  second  day  of  ther¬ 
apy.  Of  the  remaining  26  carriers  who  suc¬ 
cessfully  completed  the  28-day  course  of 
amoxicillin  and  probenecid,  many  com¬ 
plained  at  one  time  or  another  of  mild  diar¬ 
rhea,  rash,  nausea,  abdominal  discomfort,  or 
gastritis.  In  no  instances  were  the  symptoms 
sufficiently  severe  to  cause  discontinuation  of 
therapy. 

The  success  of  therapy  was  monitored  by 
means  of  stool  cultures  and  bile  cultures  (ob¬ 
tained  by  string  capsule  device)  at  monthly  in- 
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terrals  following  completion  of  therapy.  This 
nonsurgica!, 'ambulatory,  domiciliary  oral 
treatment  regimen  resulted  in  long  term  (1 
year)  cure  of  15  of  the  26  carriers  (58%). 
When  failure  occurred  it  was  usually  evident 
within  the  first  6  weeks  following  cessation  of 
therapy.  Thirteen  of  the  26  carriers  have  had 
radiological  evaluation  of  their  gall  bladder 
function;  cholelithiasis,  failure  of  the  gall 
bladder  to  fill  daring  cholecystognm,  or 
other  pathology  was  present  in  13  of  13  carri¬ 
ers  examined  so  far. 

A  cure  rat*  of  58%  with  a  domiciliary  oral 
antibiotic  regimen,  despite  the  presence  of 
gall  bladder  dysfunction,  is  encouraging  news 
for  treating  an  individual  patient,  since  there 
is  a  greater  than  ever  chance  of  cure  without 
surgery.  However,  such  a  cure  rate  is  too  low 
to  advocate  its  use  in  public  health  programs. 
Therefore,  we  are  continuing  to  seek  an  anti¬ 
biotic  regimen  that  will  cure  at  least  80%  of 
carriers,  even  with  gallstones,  without  chole¬ 
cystectomy. 


Large-Scale  Field  Trials  of  the  Ty21a  Lise 
Oral  Typhoid  Vaccine 

The  live  oral  typhoid  vaccine.  Ty2ia,  devel¬ 
oped  by  Germanier  and  coworkers  (J 8)  repre¬ 
sents  a  potentially  major  breakthrough  for  the 
control  of  typhoid  fever  by  immunization.  In 
the  initial  clinical  studies  with  this  live  attenu¬ 
ated  Salmonella  typhi  oral  vaccine  in  North 
American  volunteers,  it  was  shown  to  cause 
no  adverse  reactions  and  to  be  genetically  sta¬ 
ble  and  highly  protective  (39). 

The  first  field  trial  with  Ty21a  was  carried 
out  in  Alexandria,  Egypt  where  approxi¬ 
mately  16,000  6  and  7  year  old  schoolchildren 
were  given  three  doses  (10’  viable  vaccine  or¬ 
ganisms  per  dose)  within  one  week  (40).  Indi¬ 
vidual  doses  of  lyophilized  vaccine  contained 
within  small  glass  vials  were  reconstituted  on 
the  spot,  and  the  children  were  vaccinated  a 
few  minutes  after  they  chewed  a  tablet  con¬ 
taining  1 .0  g  of  NaHCOj  to  neutralize  gastric 
acid.  An  equal  number  of  children  ingested 


placebo.  In  this  trial,  the  vaccine  provided 
96%  efficacy  for  at  least  three  years  in  an  area 
where  the  incidence  of  confirmed  typhoid  fe¬ 
ver  in  the  consol  group  was  40  per  10*  school¬ 
children. 

Stimulated  by  highly  encouraging  results  of 
the  Egyptian  trial,  a  collaborative  effort  was 
undertaken  to  carty  our  field  trials  of  Ty2la 
in  Santiago.  Chile  to  obtain  new  information 
and  to  evaluate  the  possible  use  of  this  vaccina 
as  a  public  health  intervention  to  control  en¬ 
demic  typhoid  fever  in  Chile. 

Two  separate  field  trials  of  efficacy  of  one 
Ty21a  tacrine  have  been  nndenaken  in  San¬ 
tiago,  Chile  in  Area  Norte  (Trial  1)  and  Area 
Occidente  (Trial  2).  Results  of  these  con¬ 
trolled  field  trials  are  summarized  below-. 


Area  Son*  Trial 

The  goals  of  the  first  Chilean  field  trial  in 
the  Northern  Administrative  Area  (Area 
Norte)  included: 

1 )  To  evaluate  the  efficacy  of  a  new  formulation 
of  T>-21a  vaccine  (enteric-coated  capsules)  that  is 
more  amenable  to  mass  vaccination,  since 
NaHCOj  prt treatment  is  unnecessary. 

2)  To  investigate  the  efficacy  of  fewer  (one  or 
two)  doses  of  vaccine  than  were  used  in  the  Alexan¬ 
dria.  Egypt  field  trial. 

3)  To  assess  the  efficacy  in  an  area  of  particu¬ 
larly  high  endemibty  and  force  of  infection. 

Parents  of  91. 954  of  the  137.697  schoolchil¬ 
dren  in  Area  Norte  gave  permission  for  their 
children  to  participate  in  the  trial.  These  chil¬ 
dren  were  randomized  so  that  in  May  and 
June,  1982. 31.762  received  two  doses  of  pla¬ 
cebo,  32.707  received  rne  dose  of  vaccine  and 
one  of  placebo,  and  27.485  received  two  doses 
of  vaccine  (one  week  apart).  The  remaining 
45,743  unvaccinated  children  were  consid¬ 
ered  as  a  separate  “contact”  control  group. 

A  summary  of  24  months  of  surveillance  is 
contained  in  Table  7.  Briefly,  rwo  doses  of  the 
vaccine  siinmiated  a  moderate  degree  (59%) 
of  protection  which  continued  over  two  ty¬ 
phoid  seasons.  In  Table  8  the  results  are  di- 
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Table  7.  Are*  Norte  field  trial.  Efficacy  of  one  and  n*  o  des«  of 
Ty21y  live  oral  ryphoid  vaccine  given  in  enteric-coated  caps:  lev 


Summary  of  24  month!  of  surveillance. 
1  July  1982  to  30  June  1984 


Vaccine 

group 

No.  of 
children 

No.  of  cases* 

Incidence 
(per  10‘) 

Percent 

ncc me 
efficacy 

2  doses 

27.485 

40 

145.5* 

59 

1  dost 

32,707 

85 

259.9* 

26 

Placebo 

31.762 

112 

352.6 

Nor  vaccinated 

45.743 

147 

3211.4 

*  Bacteriologically  confirmed  by  Mood  or  boot  marrow  culture. 
*v»*.  p  <  0.2. 

*  vi  *.  p  <  0.04. 

*n\p<  0.003. 


Table  8.  24  Months  of  surveillance  of  the  Area  Norte  field  trial.  Efficacy  of  r»o  doses 
of  enteric-coated  formulation  of  Ty2la  oral  typhoid  vaccine. 


Surveillance  period 

Placebo  (31.762) 

Two  doses  t 

2*.4j5j 

Percent 

vaccine 

efficacy 

No.  of 
cases* 

Rate '10* 

No.  of 

ewes 

RatelO  • 

1982  July-Sept. 

1 

3.1 

0 

0 

ICC 

Oct. -Dec. 

15 

4'.2 

4 

14.6 

69 

1483  Jao.-Mar. 

37 

116.5 

10 

36.4 

69 

Apr. -June 

16 

50.4 

16 

55.2 

0 

July- Sept. 

4 

12.6 

1 

3.6 

•t 

Oct.-Dee. 

14 

44.1 

1 

36 

92 

1984  Jan. -Mar. 

19 

59.8 

6 

21.8 

6*w 

Apr. -June 

8 

25.2 

3 

10.9 

*  Bacterio logically  confirmed  by  blood  or  booe  marrow  culture. 


sided  into  three-month  periods  of  observa¬ 
tion.  In  this  analysis  one  notes  that  there  was 
one  three-month  period  (April-June,  1983) 
during  the  24  months  of  surveillance  when  the 
protective  effect  of  the  vaccine  appeared  to 
have  been  overwhelmed  (Table  8);  in  all  other 
periods  vaccine  efficacy  exceeded  57%  (Table 
8). 

Other  important  observations  from  the 
Area  None  field  trial  include: 

I*  The  vaccine  caused  no  significant  adverse  re¬ 
actions  in  60.000  vaccinated  children. 

2)  The  enteric-coated  formulation  was  found  to 


be  highly  practical  and  well  veiled  to  mass  vaccina¬ 
tion. 

3)  The  annual  incidence  of  cuIrLTf-confinred 
typhoid  fever  in  the  placebo  control  group  in  the 
fust  year  of  surveillance  b  Area  Norte  was  214- 
10*.  a  rate  more  than  five  tiroes  higher  than  the 
rate  in  the  control  group  in  the  Egyptian  trial! 

4)  One  dose  of  vaccine  gave  much  less  protection 
(30%)  than  two  doses  of  vaccine  (59 

5)  As  shown  in  Table  9.  two  doses  of  vaccine  also 
provided  moderate  protection  against  5.  paratyphi 
B  infection.  This  makes  sense  sc-.ce  protection  with 
Ty2la  and  other  live  Salmonella  vaccir.es  is  knew  n 
to  be  related  to  the  I ipopoi-. saccharide  O  cr.iicer 
W.  42).  The  O  antigens  of  S.  r.phl  and  5.  pz-i- 
txphi  B  are  related. 
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Table  9.  Efficacy  of  Ty21a  attenuated  Salmonella  typhi \acciae 
against  S.  paratyphi  B  disease. 


.  * 

Vaccine  group 

No.  of 
children 

No.  cases  at 
paratyphoid  B* 

Incidence 
per  tty 

Percent 

vaccine 

efficacy- 

2  doses 

27.445 

•  6 

21.8* 

51 

1  dose 

32.707 

to 

30.6* 

31 

Placebo 

31.762 

14 

44. 

Not  vaccinated 

45.743 

23 

50J 

*  Bactcriologically  confirmed  by  blood  or  boot  marrow  cuinrr. 
•vi‘.  p  »  0.2. 


j4r*o  Occident*  Field  Trial 

B*sed  on  results  of  the  field  trial  in  Area 
Norte  which  showed  only  moderate  efficacy 
with  two  doses  of  enteric-coated  vaccine  and 
an  apparent  overwhelming  protection  in  vac- 
cinecs  during  one  three-month  period,  a  sec¬ 
ond  field  trial  was  initiated  in  Area  Occidente 
of  Santiago.  In  this  trial  141,127  children  of 
consenting  parents  (representing  95fo  of  all 
schoolchildren  in  Area  Occidente)  were  ran¬ 
domized  to  one  of  five  groups  to  receive: 

Croup  l — Three  doses  of  vaccine  in  enteric- 
coated  capsules  given  within  one  week. 

Croup  2— Three  doses  of  vaccine  with  NaHCOj 
given  whvin  one  week.  The  commercial  gelatin 
capsule/NaHCO)  formulation  was  used,  which 
consists  of  two  gelatin  capsules  each  containing  0.5 
g  of  NaHCOj  and  one  gelatin  capsule  containing 
lyophiliaed  vaccine. 

Croup  3 — Three  doses  of  enteric-coated  vaccine 
with  an  interval  of  three  weeks  between  the  doses. 

Croup  4— Three  doses  of  the  gelatin  capsule' 
NaHCOj  formulation  with  an  interval  of  three 
weeks  between  th<*  doses. 

Croup  5 — Three  doses  of  pl.acebo. 

The  design  of  this  trial  was  intended  to  al¬ 
low  a  direct  comparison  of  two  different  for¬ 
mulations  of  vaccine  as  well  as  two  different 
immunization  schedules.  We  would  like  to 
have  included  the  Egyptian  formulation  as 
one  cell  in  this  trial;  however,  that  formula¬ 
tion  was  not  available  (Table  10).  The  Egypt¬ 
ian  formulation  was  prepared  only  for  the  Al¬ 
exandria  trial  and  then  was  replaced  by  the 
gelatin  capsule/NaHCOj  formulation,  which 


Table  It.  Feld  trial  formulation  of  Ty21a  lrr» 
oral  typhoid  vaccine. 


Vaccine  formulation 

NaHCO; 

Where  used 

Lyophiliaed  vaccine 

10* 

Alexandria. 

'  in  glass  vials 
under  vacuum 

tablets 

Egypt 

Lyophiliaed  vaccine 

Note 

Santiago.  Chile 

in  enteric-coated 

(Area  Norte  asac 

capsules 

Occide.tei 

Lyophiliaed  vaccine 

2  ftlattn 

Area  Occidente. 

in  gelatin 

ClpSwiM 

Santiago.  CLLe 

capsules 

each  with 

0.5# 

became  available  commercially  in  marv- 
countries  of  the  world. 

Similarly,  the  more  practical  enteric-coareci 
formulation  was  made  in  two  special  lots  her 
the  Area  Norte  and  Area  Occidente  trials  hr. 
Chile  (Table  10):  this  enteric-coated  formula.-- 
tion  was  not  commercially  available  at  tfcz*- 
time. 

Results  of  the  Area  Occidente  field  trial  are 
showned  in  Table  II.  The  clear-cut  results  al¬ 
low  the  following  conclusions  to  be  drawn: 

1)  The  extraordinary  safety  of  Ty21a  oral  vac¬ 
cine  was  once  again  shown  in  107,450  Area  Oca- 
dent*  schoolchildren  who  ingested  at  least  twe 
doses  of  vaccine  between  Julv  and  September. 
1983. 

2)  The  enteric-coated  formulation  was  found  m 
be  significaotly  more  protective  than  the  geiaris 
capsule/NaHCO]  formulation. 

3)  The  long-imerral  imrr.unirarion  schedule  til 
days  between  doses)  gave  no  greater  proteaicr 
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Table  II.  Efficacy  of  Ty21a  oral  typhoid  vaccine  in  Area  Occident? 
a/ter  10  months  of  surveillance:  comparison  of  two  different 
formulations  and  immunization  schedules. 


Three  dost* 
within  one  week 

No.  of 
children 

No.  of  cases* 

Rite  IV 

Percent 

vaccine 

efficacy 

Enteric -coated 

22,170 

7 

31. 6* 

74 

gdaria/NaHCOj 
Three  doses,  21 
days  between  each 
dose 

22J79 

24 

107.2* 

12 

Enteric-coated 

21498 

8 

37.0- 

70 

geiada’NiHCO) 

21441 

19 

74.2* 

39 

Placebo 

27,793 

34 

122.3* 

Not  vaccinated 

14.962 

16 

106.9 

•Bactenotogieally  confirmed  by  Mood  or  bone  marrow  culture, 
•or'es*.  p 0.002. 

*  vs*,  p  0.005. 


than  when  all  doses  of  vaccine  were  given  within 
one  week. 

4)  The  level  of  protection  achieved  with  three 
doses  of  enteric-coated  vaccine  was  approximately 

5)  Some  children  were  absent  during  one  day  of 
vaccination  and  consequently  received  only  two 
doses  of  vaccine.  The  numbers  of  such  children  are 
small  and  these  children  may  represent  a  skewed 
group  a:  different  risk  from  those  who  were  not  ab¬ 
sent  on  any  vaccination  days.  Nevertheless,  it 
seemed  worthwhile  to  compute  the  incidence  rate 
in  the  children  who  received  only  two  doses  and 
compare  it  to  those  who  received  three  doses  of  vac¬ 
cine  or  placebo.  In  Table  12.  the  incidence  of  ty¬ 
phoid  fever  in  all  children  who  received  three  doses 
of  enteric-coated  vaccine  (both  short  and  long  im¬ 
munization  schedules)  is  compared  with  the  rate  in 
ail  recipients  of  two  doses  of  enteric-coated  vaccine 
and  with  the  incidence  rate  in  placebo  children.  In 


this  analysis,  no  evidence  is  found  for  lesser  immu¬ 
nity  is  recipients  of  two  doses  of  vaccine.  Again  one 
must  stress  that  the  groups  of  two-  and  three-dose 
recipients  were  not  randomized  and  therefore  com¬ 
parison  may  be  inappropriate. 


A  Third  Santiago  Field  Trial 

Based  on  results  of  the  Area  Occidente  field 
trial,  it  is  obvious  that  the  enteric-coated  for¬ 
mulation  is  the  formulation  of  choice  and  that 
a  short  interval  immunization  schedule  is  sat¬ 
isfactory.  However,  it  is  still  unclear  whether 
there  is  a  difference  in  the  protection  con¬ 
ferred  by  two  versus  three  doses  given  within 
eight  days.  Nor  is  it  dear  whether  a  fourth 


Table  12.  Comparison  of  efficacy  of  three  versus  two  doses  of 
enteric-coated  Ty21a  vaccine  in  the  Area  Occidente  field  trial  (!0  months 
of  surveillance). 


Vaccine 

No.  ol 
children 

No.  of 

cun 

Incidence 
per  i0-‘ 

Pet  cent 
vaccine 
efficacy 

Enteric-coated*  3  doses 

43.768 

15 

3t) 

72 

Er.teric-coated*  2  doses 

9.920 

? 

20  2 

83 

PUcebo 

27.703 

34 

122) 

•  Includes  both  short-  and  long-interval  schedules. 
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dose  might  %nBciatty  iiitiini  *  protection. 
The  snswcn  to  these  questions  were  to  be 
sought  hr*  (Sard  Odd  trial  that  began  with 
vaccinatka  iw  October  1984.  In  this  trial 
2S5,0O')  scfemkhOdrea  b  Am  Sur  and  Area 
Central  of  Stingo  wen. randomized  to  re* 
ceive  two.  Ane,  or  ton  6am*  of  enteric- 
coated  enema  yritn  within  eight  days.  For 
ethical  rename,  no  placebo  group  was  in¬ 
cluded;  theeariy  relative  efficacy  will  be  de¬ 
termined. 


During  the  peat  fit*  yean,  the  epidemiol- 
gj  of  endemic  typhoid  fever  has  been  inten- 
iively  studiadand  varioas  interventions  evalu¬ 
ated.  We  mm  now  at  the  point  of  definitive 


intervention. 

Teiscon- 

sid.-ring  seve 

2  of  sew- 

age  wastewa; 

tigation. 

This  reprtser 

son  sotu- 

tion.  In  the  s 

3g  made 

for  the  mass 

idren  in 

Santiago  anc 

with  the 

enteric-coate 

vaccine. 

Results  of  the 

sparing 

two,  three  ar 

-  are  ex- 

pected  to  de: 

muniza* 

tion  schedule 

tnation. 

Since  approx 

xcur  in 

schoolchildre; 

.a  high 

cost-benefit  e 

edneef 

high  efficacy  ,. 

leid  tri- 

als  in  Santiag 

_n  haw 

apparently  aJ 
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incidence  in 
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40%  from  the 
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Typhoid  fever  is  an  important  endemic  health  problem  in  Santiago,  Chile.  Its  incidence 
has  more  than  doubled  in  recent  years,  during  which  access  to  potable  water  and  sewage 
disposal  in  the  home  became  almost  universal  in  the  city.  A  matched  case-control  study  was 
carried  out  to  identify  risk  factors  and  vehicles  of  transmission  of paediatric  typhoid  fever; 
9i  children  in  the  3-14-years  age  group  with  typhoid  fever  were  compared  with  controls, 
matched  with  respect  to  age,  sex,  and  neighbourhood.  It  was  found  that  case  children  more 
frequently  bought  lunch  at  school  and  shared  food  with  classnoses.  Also,  case  children 
more  often  consumed  flavoured  ices  bought  outside  the  home;  none  of  41  other  food  items 
considered  in  the  study  was  associated  with  a  higher  risk  of  typhoid  fever.  Only  two  food 
handlers  for  cases  and  one  for  controls  were  positive  for  Salmonella  typhi,  indicating  that 
persons  preparing  food  solely  for  their  own  family  were  nc  ’  the  main  source  of  S.  typhi 
infection.  Rather,  the  risk  factors  identified  ir.  this  study  are  consistent  with  the  hypothesis 
that  paediatric  endemic  typhoid  fever  in  Santiago  is  largely  spread  by  consumption  of  food¬ 
stuffs  that  are  prepared  outside  the  individual's  home  and  are  shared  with  or  sold  to 
children. 


Typhoid  fever  is  an  endemic  health  problem  in 
Chile,  presenting  some  interesting  and  mostly  unex¬ 
plained  epidemiological  features.  The  illness  has  a 
marked  seasonality  with  a  peak  during  the  summer 
month;  and  the  highest  incidence  is  in  children  in  the 
B-13-years  age  group  (/,  2).  Furthermore,  its  inci¬ 
dence  is  high  in  children  from  both  low  and  high 
socioeconomic  groups,  even  those  who  live  under 
apparently  nearly  optimum  sanitary'  conditions  (3). 

Significant  improvement  has  been  achieved  in 
reducing  the  mortality  rate  of  typhoid  fever  in  Chile 
from  12  per  10  000  inhabitants  in  the  19-iQi  u 
than  1  per  10  000  in  the  late  i970s;  however,  over  the 
same  period  the  morbidity  rate  has  increased  from  JO 
per  10  000  inhabitants  to  100  per  10  000  (  4).  Para¬ 
doxically,  this  increase  in  morbidity  occurred  during 

*  Ci;tf.  Epsireniotofy  Section.  Centre  for  V»ceiw  Development. 
Universe)  of  Ma-yUad  School  of  Medicine,  Baltimore,  MO  '!Z0l . 
USA  no  *ho«  raqueu  tor  reprints  should  be  addressed). 

1  FeCo*.  Caster  tor  Vtcaot  Development. 

*  Director.  Centre  for  Vaccine  Development. 

*  Ctirt.  lafeaiout  Diseases  Unit.  Calvo  MacKenna  Chile-en's 
Hospital.  Santiago.  Chile. 

5  Scientific  Dtree-.e-.  Institute  of  Public  Health,  Santa, o* 
Chile 

*  Ep-Setnidofs  Consultant.  Ministry  of  Public  Health,  Santia,o. 
Chile 


a  period  in  which  access  to  potab!'’  water  and  sewage 
disposal  in  the  home  increased  and  became  almost 
universal  in  urban  areas  ( 3 ,  3).  Furthermore,  during 
this  time  there  was  a  striking  reduction  in  the  fie- 
quency  of  most  other  communicable  diseases  in  Chile 
16). 

Little  is  known  about  the  routes  of  transmission  for 
typhoid  fever  in  Saariago.  The  two  principal  hypoth¬ 
eses  proposed  suggest  contamination  of  food  (a)  by 
foodhandlers  who  are  asymptomatic  carriers  of 
Salmonella  typhi  (2)  or  (b)  by  the  irrigation  of  fruit 
aad  vegetables  with  sewage-contaminated  water  (7, 
8).  As  far  as  the  first  hypothesis  is  concerned  it 
should  be  noted  that  the  prevalence  of  cholelithiasis 
in  Chile  is  one  of  the  highest  in  the  world  (9)  and  that 
this,  together  with  the  enden  ic  presence  of  typhoid 
fever  in  the  country  (1-4).  produces  a  high  rate  of 
chronic  biliary  carriage.  It  has  been  estimated  that 
there  are  nearly  30  000  such  carriers  of  5.  typhi  in 
Santiago  (a  prevalence  rate  of  694  per  10  000  ( 10)). 
With  regard  to  the  second  hypothesis,  sewage  in 
Santiago  is  discharged  untreated  into  the  Mupocho 
river  ard  a  large  canal;  water  drawn  from  these 
sources  is  used  to  irrigate  crops,  such  as  tettuce  and 
celery,  which  are  grown  near  the  city  ( 7).  High  faecal 
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coliform  counts  have  been  measured  in  this  water, 
and  5.  ryphi  organisms  have  been  isolated  from  it 
( 8 ). 

The  aim  of  the  present  study  was  to  identify  risk 
factors  and  vehicles  of  transmission  of  typhoid  fever 
in  the  eastern  pan  of  Santiago,  an  area  that  accom¬ 
modates  families  of  all  economic  strata,  but  mostly 
middle-  and  high-income  persons  living  in  modern 
housing. 


MATERIALS  AND  METHODS 

A  matched  case-control  study  was  conducted  from 
December  1980  to  June  1981.  Cases  selected  were 
children  of  either  sex  in  the  age  group  3-14  years  who 
’dved  in  the  eastern  area  of  Santiago  and  who  were 
diagnosed  as  having  typhoid  fever  as  confirmed  by 
blood  and/or  bone  marrow  cultures  that  were  posi¬ 
tive  for  5.  ryphi.  Children  were  diagnosed  and  treated 
at  the  Calvo  McKenna  Hospital  (serving  mainly  low 
and  middle  socioeconomic  groups)  or  by  20  paedia¬ 
tricians  who  care  more  for  middle  and  upper  socio¬ 
economic  groups  in  their  private  practices.  A  surveil¬ 
lance  system  was  established  to  ensure  that  two  blood 
cultures  were  obtained  from  each  child  with  sus¬ 
pected  typhoid  fever  at  either  the  hospital  or  the 
private  practices.  Blood  was  cultured  in  a  medium  of 
supplemented  peptone  broth,*  and  processed  by  stan¬ 
dard  methods  (11,  12). 

Controls  were  children  of  the  same  sex  and  age 
(none  year  of  age)  as  the  cases,  and  lived  in  the  same 
neighbourhood.  They  were  identified  by  following  a 
standardized  route  which  started  at  the  home  of  the 
case.  Controls  who  had  had  a  febrile  illnet  s  suggestive 
of  typhoid  fever  during  the  four  weeks  p  rior  to  their 
participation  in  the  study  were  excluded  and  a  new 
control  was  select r-V  Once  an  appropriate  control 
was  identified,  return  visits  to  the  neighbourhood 
were  made  until  complete  information  was 
obtained. 

Two  public  health  nurses  filled  in  questionnaires 
concerning  cases  and  their  matched  controls,  and  the 
answers  given  by  the  children  were  verified  by  inter¬ 
viewing  their  mothers.  For  young  children,  the  ques¬ 
tions  were  answered  by  their  mothers.  Cases  and 
matched  controls  were  interviewed  ’He  same  nurse. 
The  questionnaire  explored  the  -(lowing  areas: 
socioeconomic  level  (type  of  house  construction  and 
ownership;  number  of  rooms,  bed;,  and  persons  in 
house;  and  ownership  of  car);  sanitary  conditions  at 
home  (existence  of  •  water  source  and  bathroom 
facilities):  food  ai  ’  drink  consumption  (42  items), 
both  at  home  and  ot  ■  Je  (for  the  two  weeks  prior  to 
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the  onset  of  illness  in  cases  and  over  the  same  period 
for  the  matched  controls):  existence  of  cooks  and/or 
maids  at  home  and  their  role  in  food  preparation;  fre¬ 
quency  of  eating  food  from  scree:  vendors,  in  res¬ 
taurants,  or  at  school:  history  of  gall  bladder  disease 
among  the  food  handlers  a:  home;  con:act  with 
known  cases  of  typhoid  fever  (in  the  two  months 
preceding  the  study);  and  travel  and  swimming  activi- 
ties  (in  the  month  prior  to  onset  of  illness  for  cases  and 
in  the  same  period  for  the  matched  control). 

For  both  cases  and  controls  ~~o  stool  samples  were 
obtained  from  the  primary  toed  handler  in  the  house¬ 
hold.  The  initial  sample  was  Detained  by  rectal  swab 
at  the  time  of  the  interview  and  placed  in  Cary -Blair 
transport  medium  and  cultured  the  same  day.  The 
second  sample  was  a  stool  obtained  during  die 
morning  of  the  following  day  which  was  kept  refriger¬ 
ated  and  was  cultured  within  six  hours.  Faecal 
samples  were  cultured  on  Sc.’.-.cr.el^-Shigella,  Mac- 
Conkey’s,  or  bismuth  sulfite  agars,  either  directly 
or  after  selenite  enrichment  :':r  24  hours;  co! cries 
harbouring  Salrr.or.ella  or  Stige/lc  bacteria  were 
identified  using  standard  techniques  (12). 

Statistical  analysis  of  tit  rts-lts  for  matched  pairs 
was  carried  out  using  the  McNemar  test  ( 13  >  it  the 
outcome  was  dichotomous,  and  a  similar  test  derived 
by  Fleiss  (13)  if  tr.chotomous. 

R25VL7S 

Eighty-one  cases  met  the  entttra  for  inclusion  in  the 
study;  67  were  from  CaKo  McKenna  Hospital  ar.d  1 4 
were  from  the  practices  of  prr-att  paediatricians  i.i 
Santiago.  The  largest  number  of  casts  were  6-year 
olds,  with  relatively  few  belt-  this  age  ar.d  fairly 
uniform  frequencies  above  rtt  there  were  equal 
numbers  of  malt  ar.d  female  children.  (Fig.  1). 


Fig.  1.  Age  and  si*  c.st-0--t  of  53  oaediatrie  eases 
ot  typhoid  fever  c-  eerre—  a-ee  af  Santiago.  Cni'.e. 
over  the  period  Ditt-ser  t  Jil-j.-e  1 981 
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Table  1.  Association  of  selected  risk  factors  with  paediatric  typhoid  fever  in  Santiago.  Ctr'e 
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Recta]  swabs  were  obtained  from  78,  and  stool 
samptes  from  77.  of  the  8 1  domestic  food  handlers  for 
cases;  2  food  handlers  were  positive  for  5.  typhi, 
including  the  mother  of  one  case  and  the  cook 
(female)  of  another.  Swabs  were  also  obtained  from 
SI .  and  ttools  from  7 1  food  handlers  of  controls.  One 
of  these  food  handlers  was  positive  for  S.  typhi;  this 
•  as  the  mother  of  a  control  child  whose  own  children 
-ere  negative  for  S.  typhi  but  who  prepared  flavoured 
ices  that  she  sold  to  neighbourhood  children,  includ¬ 
ing  the  case  matched  with  her  child.  The  ages  of  these 
food  handlers  were  34,  37  and  55  years;  none  of  them 
had  a  history  of  typhoid  fever,  but  two  had  a  history 
of  biliary  colic  and  one  was  known  to  have  gallstones. 
Seven  additional  food  handlers  had  stool  cultures 
positive  for  other  enteropathogens,  including  S.  para¬ 
typhi  B  (3).  other  salmonellae  (3)  and  Shigella  (1). 

The  families  of  cases  and  matched  controls  had  the 
same  number  of  persons  in  the  home,  and  all  had 
household  electricity,  sewage  disposal  facilities,  sinks 
in  bathroom  and  kitchen,  and  a  source  of  water,  or 
owned  a  refrigerator  or  an  automobile.  The  relatives 
of  cases  (usually  cousins),  but  not  friends,  were  more 
frequently  (relative  risk  3.2)  reported  ill  with  typhoid 
fever  during  the  two  months  preceding  the  study 
(Table  I).  Cases  more  frequently  (relative  risk  4.0)  ate 
lunch  bought  at  school  thin  controls  (Table  I),  but 
both  groups  ate  food  from  street  vendors,  school 
kiosks,  and  restaurants.  In  addition,  cases  more  fre¬ 
quently  shared  food  at  school  with  friends  (Table  2). 
This  increased  risk  was  particularly  apparent  for  chil¬ 
dren  who  shared  food  in  this  way  three  or  more  times 
per  week  (relative  risk  6.0)  (Table  2),  and  seemed  to  be 


more  important  for  children  who  brought  food  to 
school  (relative  risk  10/2,  =  5.4.  P  <0.05)  than  for 

children  who  purchased  school  food  (relative  risk 
2/0,  not  significant). 

Controls  traveled  away  from  Santiago  more  fre- 
quenjly  than  did  cases  in  the  month  before  the  onset 
of  illness  in  the  matched  case  (Table  I).  This  lower 
risk  for  controls  *ho  travelled  seemed  to  hold  during 
both  summer  (relative  risk  5  10)  and  non-summer 
(relative  risk  3/10)  months.  Controls  also  swam  more 
frequently  in  a  lake  or  pool  than  cases  (Table  1). 

The  consumption  patterns  of  cases  for  42  fruits  ar.d 
vegetables  and  other  food  products  were  obtained  for 
two  weeks  prior  to  onset  of  their  illness  and  for  the 
same  period  in  matched  controls.  Consumption  of 


Table  2.  Frequency  of  sharing  food  with  1ntr.it  among 
typhoid  fever  cases  and  matched  controls' 


No.  of  matefatf  control*  ihanng  food 

No.  of  cases 
Sharing  food 

*3 

1-2 
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>3  tinaa/waek 

I12l* 

0 

9 

3 
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11 
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Tao!«  3.  Frecuencv  of  consurrmg  purchastd  flavoured 
ices  by  typhoid  fever  cases  end  matched  controls' 


Control  consumption 

Cost  re-sumption 
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Ntvtf 

a  3  «•*< 

■3!  ’ 
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13 

*•2 

4  S 

2 

<34; 

3  5 

26 

*  y:  •  7  3.  P  <  3.0!  '2  fttt—  ol  frodoml. 
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purchased  flavoured  ices  was  associated  with  a  higher 
risk  of  typhoid  fever,  particularly  among  children 
consuming  such  ices  three  or  more  times  per  week 
(relative  risk  3-0)  (Table  3).  Consumption  of 
flavoured  ices  made  in  the  home  was  not  associated 
with  typhoid  fever  (relative  risk  3/9).  No  association 
was  found  between  consumption  of  the  other  food 
items,  including  suspected  vehicles  or  groups  of  these 
items,  and  development  of  typhoid  fever.  For 
example,  the  relative  risk  associated  with  consump¬ 
tion  of  lettuce  was  14/19  (0.74)  and  strawberries 
23/19  (1.2).  One  food  item,  more  con  huesillos  (a 
local  drink  made  from  com  and  apricots),  was  associ¬ 
ated  with  a  significantly  tower  risk  of  typhoid  fever 
(relative  risk  4/16,  xl-9.9,  P  <0.01). 


DISCUSSION 

The  epidemiology  of  endemic  diseases  is  frequently 
complex.  Unlike  common-source  outbreaks,  many 
vehicles,  each  responsible  for  a  few  cases,  may  be 
involved,  and  this  might  be  the  situation  regarding 
typhoid  fever  in  Santiago,  Chile.  The  present  study 
incriminated  only  one  food  item  but  identified  a 
number  of  factors  associated  with  a  higher  or  lower 
risk  of  developing  typhoid  fever. 

Since  more  than  70  variables  were  investigated,  it 
can  be  expected  that  a  few  of  them  are  statistically  sig¬ 
nificant  by  chance  alone  at  a  P  level  of  less  than  0.05. 
In  some  instances,  however,  the  statistical  signifi¬ 
cance  of  the  association  was  greater  than  0.05. 
r  urthermore,  some  risk  factors  were  corroborated  by 
statistical  significance  of  two  or  more  related 
variables,  e.g.,  travel  outside  Santiago  and  swimming 
in  lakes  or  pools,  usually  outside  the  city.  Since  these 
are  related  variables,  the  finding  of  all  three  to  be 


important  factors  suggests  that  this  was  not  due  to 
chance.  Cases  were  probably  matched  so  closely  with 
controls  from  the  same  neighbourhood  for  socio¬ 
economic  status  that  potential  risk  factors  associated 
with  wealth,  education,  or  place  of  residence  may 
have  been  overlooked.  On  the  other  hand,  this  study 
design  allow  ed  examinaricn  of  important  risk  factors 
without  the  potentially  confounding  effects  that  may 
have  arisen  had  cases  and  controls  differed  in  socio¬ 
economic  status. 

The  study  identified  flavoured  ices  as  a  vehicle  of 
transmission  of  typhoid  fever  among  children  in 
Santiago:  however,  the  precise  means  of  contamin¬ 
ation  of  the  ices  has  not  yet  teen  established.  One 
possibility  is  that  the  w  ater  used  to  prepare  them  was 
contaminated,  b  :he  almost  universal  household 
access  to  water  oi  good  quality  in  study  families  and 
in  Santiago  in  general  ( 5 )  and  the  failure  of  this  study 
to  implicate  the  water  source  as  an  important  risk 
factor  suggest  that  this  is  unlikely.  Another  possible 
explanation  is  that  S.  typhi  earners  contaminated  the 
containers,  the  water,  or  the  ice  in  their  homes  while 
preparing  the  flavoured  ices  for  sale.  In  this  respect,  it 
is  pertinent  that  we  identified  an  S.  typhi  carrier  who 
had  prepared  and  sold  flavoured  ices  to  a  child  who 
subsequently  developed  rypr.oii  fever.  The  lack  of 
significance,  as  a  risk  factor,  of  flavoured  ices  made 
and  consumed  at  home  further  emphasizes  that  it  is 
the  preparation  of  the  food  item  by  carriers  outside 
the  home  tha:  is  important. 

Consuming  lunch  bough:  a:  school  cafeterias  -nd 
sharing  food  with  classmates  who  did  not  buy  lunc.  at 
school  were  both  associated  with  a  higher  risk  -f 
typhoid  fever.  Although  ••-  e  did  so:  detea  any  dustei 
ing  of  cases  in  particular  schools,  these  data  suggest 
that  one  transmission  route  of  S.  typhi  may  be  con¬ 
sumption  at  school  of  food  that  was  prepared  on  the 
school  premises,  brought  by  their  children  from 
home,  or  bought  from  food  vendors.  It  is  also  poss¬ 
ible  that  certain  children  have  a  tendency  to  eat  food 
prepared  outside  their  own  homes,  thus  exposing 
themselves  to  food  prepared  by  a  wide  variety  of  per¬ 
sons,  some  of  whom  could  be  chronic  carriers  of  S. 
typhi.  The  higher  frequency  of  reported  (but  undocu¬ 
mented)  typhoid  fever  among  relatives  of  cases  com¬ 
pared  to  those  of  controls  could  be  due  to  reporting 
bias;  however,  it  may  indicate  that  the  case  and  the 
relative  had  shared  a  common  food  exposure. 

The  reduced  risk  of  typhoid  fever  among  children 
who  travelled  out  of  Santiago  may  be  a  marker  of 
socioeconomic  status  but  could  also  indicate  that  they 
were  removed  from  the  source  of  infeaion,  being 
safer  away  from  the  city.  The  incidence  rates  of 
typhoid  fever  in  the  popular  holiday  resorts  are  much 
lower  than  (hose  in  Santiago  (2). 

This  study  indicates  tha:  food  handlers  who 
prepared  food  solely  for  their  own  families  were  not 
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the  main  source  of  S.  typhi  infection.  Cultures  of  two 
stool  samples  should  identify  most  asymptomatic 
carriers,  and  only  two  earners  were  found  in  the 
homes  of  the  81  cases.  Furthermore,  this  Finding  was 
corroborated  by  a  later  study  of  family  members  of 
typhoid  fever  patients  in  Santiago  (15).  Using  three 
stool  cultures  and  measurement  of  Vi  antibodies  ( 16), 
only  one  chronic  carrier  was  found  among  the  family 
members  of  24  patients  with  typhrid  fever.  Although 
chrome  carriers  are  undoubtedly  important  in  tne 
transmission  of  S.  typhi,  all  these  studies  indicate  that 
such  carriers  within  the  household  could  account  for 
only  a  small  fraction  of  typhoid  fever  cases.  The  risk 


factors  identified  in  the  present  study  are  consistent 
with  the  hypothesis  that  endemic  typhoid  fever  in 
Santiago  is  largely  spread  by  exposure  to  food  items 
that  are  prepared  in  schools,  private  homes,  or  by' 
food  vendors  and  that  are  shared  with  or  sold  to  chil¬ 
dren.  From  this  study,  it  cannot  be  determined 
whether  contamination  of  these  items  with  S.  typhi 
was  a  result  of  their  preparation  by  chronic  Si.  typhi 
carriers  or  because  the  raw  foodstuffs  were  contami¬ 
nated  by  S.  typhi  from  Santiago  sewage.  Further  epi¬ 
demiological  and  bacteriological  studies  are  planned 
to  resolve  this  issue. 
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RESUME 

ETUDE  CAS-TtMOINS  -N  VUE  DE  DETERMINER  LES  FACTEURS  DE  RISQUE  DE  LA  FtfeVRE  TY?HOlDE 
ENDEMIQUE  DE  L'ENFANT  A  SANTI  AGO  DU  CHILI. 


La  fievre  typholde  est  un  probleme  de  same  endtmique  au 
Chili,  qut  atteint  un  paroxysme  pendant  fete  et  sevit  sunout 
chez  les  enfants  de  8  *  13  arts.  A  Santiago.  Tincidencc  de  la 
fievre  typholde  a  double  ces  dernieres  annees,  bien  que  la 
quasi-totalite  des  manages  aient  accts  a  I'eau  potable  et  i 
I' evacuation  des  eaux  usees;  Tinddence  est  elevee,  unt  dans 
les  quaniers  pauvres  que  dans  les  quarters  riches  de  la  ville. 
Une  crude  de  cas  et  de  tdnoins  apparies  a  ete  entreprise  en 
vue  de  determiner  les  facteurs  de  risque  «  les  vehicules  de 
transmission  de  la  maladie.  Quatre-vingt  un  enfants  de  trois 
i  quatorze  ans,  souffram  de  fievre  typhoide  confirm  6e  par 
analyse  bacteriologique  ont  et t  compares  1  des  sujets 


tEmoins  apparies  par  ige.  sexc  et  soistrage.  L'etude  a  revel* 
des  facteurs  de  risque  qui  corresponded:  a  Thypoihese  selon 
laquelle,  i  Santiago,  la  cor.tommation  de  produits 
alimentaires  paruges  par  les  enfants  cu  sendus  a  ceux-ci 
hors  de  la  maison  est  dans  une  large  nesure  responsible  de 
la  propagation  de  '.a  maladie.  La  contamination  de  ces 
produits  par  Salmonella  ryphi  peui  toe  due  *  leur 
preparation  par  des  poreurs  chroniques  de  Si  typhi  ou  au 
fait  que  ler  decrees  entrant  darts  !rur  composition 
comiennent  S.  t\ph.  par  suite  d'urte  pollution  par  les  eaut 
us4cs. 
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TYPHOID  FEVER  IN  SANTIAGO,  CHILE:  A  STUDY  OF 
HOUSEHOLD  CONTACTS  OF  PEDIATRIC  PATIENTS* 

J  GLENN  MORRIS.  JR..t  CATTERINE  FERRECCIO.T:  JULIO  GARCLA.}  HERNAN  LOBOSJ 
ROBERT  E.  BLACkT  HECTOR  RODRIGUEZ;  wo 
MYRON  M  LEMNE+ 

fDr-:s:or  ••  Geographic  Medicine  and  Center  fc'  t'accme  Dnelopr-  mt  L'nhersity  of  Maryland 
S.voo.'  if  Medicine.  Baltimore.  Maryland  21201.  zMtr.istry  of  Health.  Santiago.  Chile,  and 
ilnstitute  of  Public  Health.  Santiago.  Chile 

Abstract.  We  obtained  clinical,  epidemiological,  and  laboramry  data  {including  three 
stool  cultures)  from  155  (96%)  of  161  household  contacts  of  24  patients  <16  years  old 
'kith  culture-confirmed  typhoid  fever,  these  24  patients  represented  approximately  40%  of 
such  patients  seen  in  three  hospitals  in  Santiago  during  a  12-week  period.  A  chronic  typhoid 
carrier  was  identified  in  only  one  household,  with  concurrent  or  secondary  cases  seen  in 
two  other  households.  When  index  cases  were  matched  with  household  members  nearest 
In  age.  no  specific  risk  factors  for  illness  could  be  identified.  There  was  evidence  of  gen¬ 
eralized  exposure  to  enteric  pathogens  within  these  households,  with  nine  persons  from 
seven  different  households  culture-positive  for  non-typhoidal  Salmonella,  and  nine,  from 
eight  different  households,  culture-positive  for  Shigella-,  transmission  of  these  pathogens 
within  households  did  not  appear  to  be  common  since  no  household  had  more  than  one 
family  member  with  the  same  serotype  or  species  of  either  pathogen. 


Typhoid  fever  is  endemic  in  Santiago,  Chile, 
where  an  average  of  1*0  cases  per  100.000  pop¬ 
ulation  per  year  was  reported  for  the  years  19*T- 
1951.  :  The  incidence  of  ty  phoid  fever  is  highest 
among  children  3-13  y  eais  of  age  and  relatively 
low  among  children  54  and  adults  aged  2  25 
years.  O'  er  *5°;  of  cases  occur  during  the  sum¬ 
mer  and  early  fall  (December-May).  Despite 
generally  high  standards  of  sanitation  and  med¬ 
ical  care,  the  incidence  rat  for  typhoid  in  San¬ 
tiago.  rather  than  declining,  has  almost  doubled 
during  the  past  decade.  The  reasons  for  the  large 
number  of  cases  :r.  the  city  '  for  the  recent 
increase  in  incidence  are  still  not  well  under- 
stood:;'s  contributing  factors  may  include  a  high 
chronic  carter  rate  (estimated  at  694  carriers  per 
10!  population’),  problems  with  food  sanitation 
exacerbated  by  recent  deregulation  of  the  local 
food  semce  industry and  use  of  untreated  waste 
water  for  irrigation  of  crops  in  the  summer.5 

We  sought  to  examine  these  and  other  factors 
by  studying  households  in  Santiago  in  which  a 
child  had  recently  been  diagnosed  as  having  ty- 
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phoid  fever.  Within  households  we  attempted  to 
identity  chronic  typhoid  carriers  and  possible 
concurrent  cases:  *e  also  attempted  to  identify 
risk  factors  for  infection,  including  patterns  of 
food  consumption rway  from  the  household  and 
preferences  for  specific  “high  risk”  foods  such  as 
raw  vegetables.  Although  our  study  was  designed 
to  evaluate  infections  with  Salmonella  typhi.  the 
culture  techniques  used  allowed  us  to  idenfy  oth¬ 
er  Salmonella  and  Shigella  species  in  stool  sam¬ 
ples:  as  we  found  a  relatively  high  rate  of  stool 
carriage  of  both  non-typhoidci  Salmonella  and 
Shigella,  clinical  ad  epidemiological  data  re¬ 
lated  to  these  pathogens  have  been  included  in 
our  analysis. 

METHODS 

Laboratory  records  in  three  Santiago  hospitals 
(Hospital  Felix  Buhses,  Hospital  San  Juan  de 
Dios,  and  the  Infectious  Diseases  Hospital)  were 
rev  iewed  daily  or  every  other  day  during  a  12- 
week  period  in  Match.  April,  and  May  1983. 
Efforts  were  made  to  visit  the  households  of  all 
patients  <16  years  of  age  who  had  culture-con¬ 
firmed  typhoid  fever;  if  more  than  one  case  was 
identified  on  a  single  day.  the  household  of  the 
y  oungest  patient  identified  was  visited.  A  stan¬ 
dardized  questionnaire  was  administered  to  each 
index  case  and  tc  each  household  member  data 
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requested  included  the  occurrence  of  symptoms 
such  as  fever  or  diarrhea,  frequency  of  eating 
food  away  from  the  household  (at  school,  at  the 
homes  of  relatives  or  friends,  or  purchased  from 
street  vendors),  recent  travel  history,  history  of 
exposure  to  persons  with  typhoid  outside  of  the 
family,  and  a  limited  list  of  food  preferences  (tee 
cubes  purchased  outside  of  the  home;  raw  veg¬ 
etables,  including  lettuce,  cabbage,  celery,  and 
tomatoes;  fresh  fruit;  and  fresh  seafood).  A  sec¬ 
ond  questionnaire  related  to  the  physical  char¬ 
acteristics  of  the  household  was  administered  to 
the  head  of  each  household. 

Three  stool  cultures  were  collected  from  each 
household  member,  with  efforts  made  to  obtain 
cultures  on  days  1,2,  and  7  after  the  initial  house¬ 
hold  visit.  Persons  were  instructed  to  sample  a 
fresh  stool  with  a  sterile  swab  and  place  the  swab 
in  a  vial  containing  Cary-Blair  transport  medi¬ 
um.  At  the  Enterics  Laboratory  of  the  Institute 
of  Public  Health  swabs  were  directly  plated  on 
SS,  MacConkey’s  and  bismuth  sulfate  agar,  and 
then  placed  in  selenite  enrichment  for  24  hours. 
Colonies  suspicious  for  Salmonella  or  Shigella 
were  identified  using  standard  techniques.*-  ’  All 
isolates  were  sero typed  or  speciated,  or  both,  by 
the  Reference  Laboratory  of  the  Institute  of  Pub¬ 
lic  Health.  Plasmids  were  identified  in  all  Shi¬ 
gella  isolates  using  an  alkaline  plasmid  extrac¬ 
tion  technique.* 

At  the  time  of  the  first  household  visit  a  blood 
sample  was  collected  from  each  household  mem¬ 
ber  over  10  years  of  age.  Serum  was  frozen  at 
-  20*C  until  the  conclusion  of  the  study,  at  which 
lime  samples  were  assayed  for  Vi  antibodies  by 
passive  hemagglutination,*  using  purified  5.  ty- 
phi  Vj  antigen  (kindly  provided  by  John  Rob¬ 
bins,  Bureau  of  Biologies,  Bethesda,  MD);  titers 
2:1:160  were  regarded  as  positive.10  Four  water 
samples  for  fecal  coliform  and  chlorine  analysis 
were  collected  on  successive  visits  from  the 
kitchen  water  supply  in  each  household. 

RESULTS 

Families  of  24  patients  (representing  approx¬ 
imately  40%  of  eligible  families)  were  contacted 
and  agreed  to  participate  in  the  study.  The  av¬ 
erage  -ge  of  these  patients  was  10  years  (standard 
deviation  i  4  years),  compared  to  an  average 
age  of  8.9  years  for  all  reported  typhoid  cases  in 
Santiago  among  patients  <16  years  old.  Exclud¬ 
ing  the  index  cases,  a  total  of  161  persons  lived 


Figure  1 .  Sanhago  aetmpoliian  area:  Location  of 
hospitals  and  households  studied. 


in  the  24  households:  complete  clinical,  epide¬ 
miologic.  and  laboratory  data  were  obtained  for 
1 55  (96%).  Thirty  persons,  in  1 8  households,  were 
<  10  years  of  age:  14.  in  10  households,  were  £4 
years  of  age. 

Households  included  in  the  study  were  con¬ 
centrated  in  the  w  estern  part  of  the  city  near  the 
three  hospitals  surveyed  iTij.  1 ).  Households  had 
an  average  of  2.4  persons  per  room  (range  0.9- 
4.6).  Nineteen  (29%)  of  the  households  were  con¬ 
nected  to  the  city  sewerage  sy  stem,  all  had  elec¬ 
tricity,  and  all  but  one  had  municipal  water.  Be¬ 
cause  of  delay  s  in  obtaining  initial  cultures  and 
in  confirming  the  identification  of  isolates,  the 
average  lime  between  a  patient's  onset  of  symp¬ 
toms  of  our  initial  visit  to  the  household  was 
21.5  days  (range  11-37  days). 

Salmonella  nphi 

We  identified  a  chronic  5.  typki  carrier  on  only- 
one  household.  The  carrier,  the  38-year-old  step¬ 
father  of  the  index  case,  eave  a  history  of  having 
had  typhoid  fever  in  1960.  He  was  asymptomatic 
at  the  time  of  the  study,  with  multiple  positive 
stool  cultures  for  5.  nph::  he  had  a  strongly  pos¬ 
itive  Vi  antibody  titer  ( I  6-0). 
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Apparent  concurrent  or  secondary  cases  Mere 
identified  in  rwo  households.  In  the  first,  all  six 
household  members  were  culture  positive  for  5 
rypht:  four  were  symptomatic.  and  two  were  hos¬ 
pitalized.  No  household  member  had  a  history 
of  typhoid.  and  none  had  an  elevated  Vi  antibod> 
titer.  The  water  supply  for  the  household  came 
from  a  well  which  was  not  chlorinated,  and  water 
samples  had  consistently  high  fecal  coliform 
counts.  In  a  second  household,  the  index  case's 
23->  ear-old  sister  developed  fever  and  gastroin¬ 
testinal  complaints,  with  positive  stool  cultures 
for  5.  ;.  i  weeks  after  onset  of  symptoms  in 

the  index  case:  she  had  no  previous  history  of 
typhoid  and  did  not  have  an  elevated  Vi  anti¬ 
body  nter. 

Thirty -six  1 60S)  of  60  culture-negative  house¬ 
hold  c  embers  <  16  years  of  age  ate  food  outside 
of  the  household  at  least  once  during  an  average 
week,  compared  to  19  (S6°o)  of  22  index  cases 
(excluding  2  index  cases  for  whom  no  matched 
household  controls  were  available)  (P  m  0.01.  by 
the  method  of  Pike  and  Morrow  for  matched 
cases  2=d  variable  numbers  of  controls.'1)  How¬ 
e'er.  index  cases  were  significantly  oldei  than 
household  controls  (mean  age  10  years  vs.  S.5 
years!  'P  m  v. "'3.  Mann-Whitney  U  test),  and  it 
was  possible  to  show  within  the  control  group 
that  older  children  were  more  likely  than  younger 
children  to  eat  aw  ay  from  home  (P  m  0.01,  Mann- 
V.'hitney  L'  test).  When  index  cases  were  matched 
with  the  culture-negative  household  member 
closest  in  age  (but  <  16  years  old)  the  difference 
in  food  consumption  outside  of  the  household 
was  not  significant  (P  >  0.05.  McNemar  test  for 
matched  cases  and  controls).  No  other  risk  fac¬ 
tors  for  tllness  could  be  identified,  using  both  age- 
matched  and  non-  aged-matched  controls. 

Serum  samples  were  obtained  from  122  house¬ 
hold  members.  Two  persons  had  Vi  antibody 
titers  of  2  1:160:  one  was  a  presumed  chronic 
carrier,  as  noted  above:  the  other,  with  a  liter  of 
1:160.  was  a  32-year-old  female  with  no  previous 
history  of  typhoid  who  had  three  negative  stool 
cultures.  In  two  households  municipal  water  was 
collected  in  tanks  which,  when  tested,  contained 
no  cklonne:  all  other  municipal  water  samples 
had  adequate  levels  of  chorine,  and  none  had 
significant  numbers  of  fecal  coliforms. 

Son-ryphoida!  Salmonella  and  Shigella 

Nine  to.S'Ni  of  the  155  household  members 
had  positive  stool  cultures  for  non-typhoidal 
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S-.'torW.'alTable  lai.  with  culture-positive  per¬ 
sons  identified  in  seven  households.  Ages  of  per¬ 
sons  culture-positive  for  Salmonella  did  not  dif¬ 
fer  significantly  from  ages  of  culture-negative 
persons  (P  >  0.05.  Mann-Whitney  U  test)  (Fig. 
2a i.  No  significant  r.sk  factors  for  infection  were 
identified  when  culture-positive  household 
members  were  matched  with  culture-negative 
household  members,  nor  was  it  possible  to  show 
an  association  ber* ren  household  characteristics 
i  number  of  persons  in  household,  number  of  per¬ 
sons  per  room,  water  and  sanitation  facilities) 
and  the  presence  of  culture-positive  persons  in 
the  household.  In  the  two  households  with  more 
than  one  culture-positive  person,  household 
members  had  different  species  or  serotypes  of 
Salmonella. 

Nine  household  members  (5.S°o)  had  positive 
cultures  for  Shigella  (Table  lb),  with  culture¬ 
positive  persons  identified  in  eight  households 
(including  2  households  in  which  persons  cul¬ 
ture-positive  for  Salmonella  were  also  present). 
The  ages  of  persons  culture-positive  for  Shigella 
did  not  differ  significantly  from  ages  of  culture- 
negative  persons  (Fig.  2b).  None  of  the  30  house¬ 
hold  members  <  10  years  of  age  were  culture- 
positive.  No  significant  risk  factors  for  infection 
were  identified,  either  between  matched  culture- 
positive  and  culture-negative  household  mem¬ 
bers.  or  between  households  with  and  without 
culture-positive  persons.  In  the  one  household 
that  had  more  than  one  person  culture-positive 
for  Shigella,  household  members  were  colonized 
with  different  species  of  Shigella.  All  isolates 
contained  the  140  md  plasmid  associated  with 
in'  asivcness.,: 
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Figu  re  2.  a.  Ages  of  all  household  members,  and 
household  members  culture-positive  for  non-typhoidal 
Salmonella,  b.  Ages  of  all  household  members,  and 
household  members  culture-positive  for  Shigella. 


DISCUSSION 

In  this  study  we  clearly  identified  only  one 
typhoid  chronic  carrier  among  155  household 
members,  approximately  the  number  which 
would  have  been  predicted  in  the  general  pop¬ 
ulation  based  on  an  estimated  carrier  rate  of 694/ 
10’  persons.1  These  data  are  in  agreement  with 
results  of  a  survey  (Cisneros  et  al.,  unpublished 
data)  which  showed  that  only  two  of  81  house¬ 
holds  of  typhoid  patients  and  one  of  81  control 
households  had  a  food  handler  who  was  a  chronic 
carrier.  While  chronic  carriers  undoubtedly  play 
a  role  in  transmission  of  the  disease  in  Santiago, 
these  data  suggest  that  acquisition  of  the  disease 
from  carriers  within  the  household  accounts  for 


only  a  small  number  of  the  observed  cases.  We 
did  identify  a  second  person  with  a  borderline 
elevated  Vi  antibody  titer  the  significance  of  this 
result  is  unclear  as  tae  person  had  three  negative 
stool  cultures,  this  may  represent  a  false-positive 
test. 

We  identified  possible  concurrent  or  secord- 
ary  cases  in  two  households.  As  we  did  not  visit 
homes  until  an  avenge  of  5  weeks  after  onset  of 
symptoms  in  the  index  case,  we  may  have  missed 
some  early  cases  among  household  members:  in 
untreated  infections,  however,  stool  cultures  are 
most  likely  to  be  positive  at  3  weeks,  with  stool 
carriage  continuing  until  the  2th  or  8th  week  in 
over  50%  of  patients.  **  Given  the  number  of 
young  (and  potentially  susceptible)  children  in 
the  households  studied,  our  inability  to  identify' 
additional  cases  suggests  that  transmission  of  5. 
typhi  within  households  (including  acquisition 
by  consumption  of  a  common  vehicle  within  a 
household)  was  not  a  frequent  occurrence. 

We  were  unable  to  implicate  any  one  specific 
vehicle  (such  as  raw  vegetables)  in  the  transmis¬ 
sion  of  typhoid.  There  »as  an  association  be¬ 
tween  age  and  eating  food  outside  of  the  house¬ 
hold,  and  a  possible  interne! ationship  between 
these  factors  and  illness:  index  cases  were  more 
likely  to  eat  food  outside  cf  the  household  than 
were  household  controls  (culture-negative 
household  members  <  1 6  years  of  age),  but  cases 
were  also  older  than  household  controls,  and  it 
was  possible  to  show  that  older  children  were 
more  likely  than  younger  children  to  eat  away 
from  home.  Typhoid  cases  in  Santiago  occur  more 
frequently  in  older  children,  with  very  few  cases 
in  children  S4:  if  eating  food  outside  of  the 
household  is  a  risk  factor  tor  illness,  it  may  par¬ 
tially  explain  the  observed  age  distribution  of 
cases  in  the  city. 

We  found  a  relatively  high  rate  of  carriage  of 
non-typhoidal  Salmonella  and  Shigella,  with  1  IS 
of  household  members,  in  1 4S  of  the  households 
studied,  infected  with  at  least  one  pathogen  other 
than  S.  typhi.  In  the  absence  c'data  from  control 
families  it  is  difficult  to  know  how  accurately  this 
reflects  the  carnage  rate  of  such  pathogens  in  the 
general  population:  within  the  study  population, 
however,  the  rates  are  comparable  to  those  seen 
in  countries  such  as  Bangladesh.11- "  No  house¬ 
hold  in  the  study  had  more  than  one  person  cul¬ 
ture-positive  for  the  same  species  of  either  Sal¬ 
monella  or  Shigella,  suggesting,  as  with  S.  typhi. 
that  these  pathogens  were  infrequently  trans¬ 
mitted  within  households,  one  might  also  have 
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ccpec-rc  to  «e  more  cases  among  young  children 
if  household  :o surj  were  important  in  trans- 

.ZOSSIOZ.  '  ' 

Wr.fi  zzt  rt-iuvely  small  size  of  our  study  we 
were  nc:  able  -o  iheeniy  any  specific  nsk  rectors 
for  znzszzasr.  zz  o:  S.  ry?ki.  non-typhoidal  Sal- 
ms  or  5 n:  li'.'.z  There  did.  however,  appear 
to  be  a  relao'-  :'.’.-  ficjii  levei  of  exposure  to  bac- 
trr_Ll  paOrogecs  within  the  study  popu- 

laron.  w--.fi  — t-t— :ssion  or  exposure,  or  both, 
apparently  ocrumng  outside  of  the  immediate 
bccsehc'.d:  f_"Jter  studies  of  the  epidemiologv 
o:  endemic  Typhoid  fever  in  Santiago  should  be 
focused  on  events  of  transmission  outside  the 
hocsehcld. 
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Typhoid  fever  has  remained  endemic  in  Santia¬ 
go.  Chile,  for  decades;  since  1977  the  incidence  has 
exceeded  150  cases  per  100,000  population.  Typhoid  fever 
occurs  mainly  in  persons  5  to  25  years  of  age  (Table  1),  and 
is  generally  manifested  as  a  classic  clinical  syndrome 
including  fever,  abdominal  discomfort  and  distention, 
headache,  malaise,  constipation,  and  hepatosplenomega- 

iy- 

Few  cases  of  typhoid  fever  are  reported  in  children 
younger  than  2  years.  Thus  it  was  necessary  to  determine 
whether  the  very  low  reported  incidence  of  typhoid  fever  in 
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young  children  represents  a  lack  of  consumption  of  the 
vehicles  ihs'  transmit  Salmonella  typhi  to  older  children 
or  whether  infection  occurs  but  the  infant  host  manifests 
an  atypical  response  that  is  not  readily  recognized  clinical¬ 
ly.  To  help  resolve  this  question,  we  systematically  per¬ 
formed  blood  cultures  in  children  younger  than  2  years 
with  fever  who  were  seen  at  two  health  centers  in  Santiago 
during  the  3  peak  months  of  the  typhoid  fever  season. 

METHODS 

Rectal  temperatures  »e  t  recorded  in  all  children  youn¬ 
ger  than  2  years  who  were  seen  at  Pincoya  and  Consultorio 
Dos  health  centers  in  the  northern  administrative  area 
(Area  Norte)  of  Santiago  from  January  through  Marcb 
1983.  In  all  children  with  a  temperature  >3S;  C.  2  ml 
blood  was  drawn  for  culture  and  inoculated  into  a  flask 
containing  35  ml  brain-heart  infusion  with  0.01  T  sodium 
polyanethol  sulfonate.  The  reason  for  the  blood  culture  was 
explained  to  the  parents,  and  verbal  informed  consent  was 
obtained,  according  to  local  custom.  The  study  was  discon¬ 
tinued  in  the  last  week  of  March,  by  which  time  blood  from 
197  consecutive  children  had  been  cultured.  Cultures  were 
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Table  1.  incidence  and  cases  of  typhoid  and  paratyphoid  fever.  Santiago.  Chile.  1 977- 1 93 1 
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incubated  a:  35'-  C  :'or  7  days.  and  suspicious  colonies  were 
confrtMd  as  S.  typhi  by  standard  biochemical  and  sero¬ 
logic  techniques.  5.  typhi  were  phage  typed  at  the  Institute 
of  Pablk  Health.  Santiago.  A  standardized  medical  histo¬ 
ry  and  physical  examination  were  recorded  for  all  infants. 
Infants  with  positive  cultures  were  recalled,  reexamined, 
and  given  chloramphenicol  (50  mg/kg/day  po). 

RESULTS 

Of  the  !9~  children.  50  were  younger  than  6  months  (no 
newborn  infants*.  63  were  6  to  11  months  of  age.  57  were 
1 2  to  I"  months,  ar.d  22  were  18  to  23  months;  93^  of  the 
fevers  rseerded  were  between  38'-  and  39'-  C.  Acute 
respirator,  infections  diarrhea  (20f7),  and  viral 

syndrome*  !3"i  were  the  most  common  clinical  diagnoses 
at  the  lire  of  ex '.miration.  None  of  the  infants  appeared 
severely  i!!.  anc  in  no  instance  was  enteric  fever  considered 
in  the  diSerenttal  diagnosis;  consequently,  were  it  not  for 


the  study  protocol,  a  blood  culture  would  not  have  been 
taken  from  any  infant. 

5.  typhi  was  isolated  from  four  children  (2%). 
5.  paratyphi  B  from  2  {!*%).  and  S  paratyphi  A  from  1 
(0.5*7);  all  other  blood  cultures  were  negative.  Four 
isolations  occurred  in  January,  one  in  February,  and  two  it* 
Ma.ch.  Two  5.  typhi  strains  were  nontypable.  However, 
the  remaining  two  were  phage  type  El  and  46,  the  two 
most  common  types  in  Santiago. 

The  clinical  syndrome  in  these  infants  prior  to  examina¬ 
tion  was  mild,  consisting  of  I  to  5  days  of  fever  between 
38.3'  and  38  8'  C  .'Table  II).  Six  of  the  seven  infants, 
including  all  four  with  5.  typhi.  had  cough,  and  one  had 
clinical  a.nd  rad.olegic  evidence  of  pneumonitis.  None  had 
splerometaly.  but  one  had  minimal  hepatomegaly.  On 
follow-up  it  was  found  that  rone  of  the  infants  had 
completed  the  course  of  chloramphenicol  therapy,  the 
mothers  had  spontaneously  discontinued  the  medication 
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after  1  or  2  days  because  the  infants  appeared  well. 
Nevertheless,  in  each  instance  the  infection  resolved  with¬ 
out  complications. 

DISCUSSION 

Most  information  on  the  age  distribution  of  typhoid 
fever  stems  from  hospital-based  studies.’4  Three  major 
points  recur  in  these  report'-  (1)  5.  typhi  infection  is 
notably  less  common  in  children  younger  than  2  yean 
(usually  <10%  of  the  cases).  (2)  The  clinical  syndrome  is 
often  distinct  from  that  encountered  in  older  children,  and 
commonly  includes  vomiting,  diarrhea,  convulsions  and 
meningismus.  and  respiratory  signs,  in  addition  to  fever. 
(3)  Most  reports  state  that  hospitalized  infants  with 
typhoid  fever  are  quite  ill  and  that  a  bacteremic  infectious 
process  (e.g..  sepsis,  meningitis)  is  usually  suspected. 

Two  main  hypotheses  have  been  put  forth  to  explain  the 
low  reported  incidence  of  ty  phoid  fever  in  children  younger 
than  2  yean:  (1)  Infants  and  young  children  do  not  ingest 
the  vehicles  of  transmission  of  5.  typhi  that  are  consumed 
by  older  children.  (2)  Infants  and  young  children  consume 
contaminated  vehicles  of  transmission  but  do  not  readily 
develop  recognizable  clinical  illness  because  of  host  facton 
peculiar  to  the  age  group.  If  the  latter  is  correct,  and 
iafants  are  becoming  infected  but  are  manifesting  only- 
mild  illness,  evidence  of  such  infections  would  have  to  be 
sought  by  systematic  investigation  of  nonhospitalized, 
mildly  ill  infants.  This  pilot  study  in  Santiago,  an  area 
where  typhoid  fever  is  endemic,  represents  the  first  system¬ 
atic  attempt  to  decipher  this  problem.  The  isolation  of 
S.  typhi  and  5.  paratyphi  from  blood  cultures  of  3.6%  of 
197  febnle  but  mildly  ill  infants  seen  at  health  centers 
during  the  summer  months  demonstrates  that  during  the 
peak  typhoid  fever  season,  children  younger  than  2  years 
are  becoming  infected  at  a  much  higher  rate  than  previous¬ 
ly  appreciated.  During  this  same  3-month  period,  two 
infants  from  the  registered  population  served  by  these  two 
National  Health  Service  community  health  centers  were 
admitted  directly  to  the  hospital  with  severe  illness  con¬ 
firmed  by  blood  culture  to  be  typhoid  fever.  Thus  at  least 
two  mild,  unrecognized,  bacteremic  5.  typhi  infections  in 
young  children  may  exist  for  every  clinically  overt,  con¬ 
firmed  case. 

In  the  pathogenesis  of  typhoid  fever,  two  bacteremias 
occur  at  distinct  stages.  The  primary  bacteremia  appears 
within  hours  after  ingestion  of  the  pathogen.*  On  reaching 
the  small  intestine,  the  5.  typhi  rapidly  pass  through  the 
mucosa  to  reach  the  lamina  propria,  where  they  elicit  a 
chemotactic  response  resulting  in  an  influx  of  macro¬ 
phages.  Primary  access  to  the  bloodstream  occurs  either 
during  mucosal  invasion  or  after  drainage  to  mesenteric 
lymph  nodes  and  entrance  into  the  blood  by  way  of  the 
thoracic  duct.  This  primary  bacteremia  is  short-lived  and 


clinically  inapparent.  Viable  S.  typhi  persist  in  the  reticu¬ 
loendothelial  system  after  being  cleared  from  the  blood. 
After  incubation  of  10  to  II  days,  and  concomitant  with 
the  onset  of  clinical  illness,  the  secondary  bacteremia 
characteristic  of  typhoid  fever  occurs.  It  is  not  clear 
whether  the  enteric  fever  organisms  in  the  blood  of  these 
infants  represent  tbe  fortuitous  detection  of  primary  bac¬ 
teremia  or  whether  it  denotes  secondary  bacteremia  in 
infants  with  a  particularly  benign  form  of  the  disease. 
Earlier  reports  noted  the  mildness  of  pathologic  alterations 
caused  by  5.  typhi  in  the  intestines  of  infants1-’-  *  *  com¬ 
pared  with  those  in  older  children,  as  well  as  the  frequency 
of  respiratory  signs  and  symptoms.'--* 

Ashcroft"  pondered  why  some  less  developed  areas  with 
appalling  sanitation  have  little  typhoid  fever,  whereas 
other  somewhat  more  developed  countries  have  endemic 
disease  with  high  incidences  in  schoolchildren  and  young 
adults.  Ht  hypothesized  that  in  areas  with  the  most 
primitive  sanitation  and  hygiene,  widespread  asymptomat¬ 
ic  or  mild  infection  of  infants  and  young  children  occurs, 
leading  to  immunity  and  exhaustion  of  susceptible  individ¬ 
uals  after  the  first  few  years  of  life.  According  to  Ash¬ 
croft’s  hypothesis,  frequent  infection  of  infants  and  young 
children  would  not  be  expected  in  a  more  developed 
country  such  as  Chile,  where  the  epidemiologic  pattern  of 
typhoid  reveals  the  peak  reported  incidence  in  school- 
children  and  young  adults.  Nevertheless,  our  preliminary- 
data  support  the  concept  that  infants  become  infected  at  a 
higher  rate  than  is  commonly  appreciated  and  manifest  a 
very  mild  clinical  illness  (not  recognized  as  enteric  fever), 
albeit  accompanied  by  demonstrable  bacteremia. 
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En  Chile,  la  aorbilidad  por  fiebre  lifoi* 
de*  pressata  una  teodcobi  ucendaiu;,  is* 
teaaifieada  ea  form  a  notable  a  partir  del  tfl- 
qqo  quioquenio,  cun  taaaaauperioresa  120 
por  100  000  hahitanfrs  (/).  Eata  aituabdn 
result*  aorprendente,  s  ae  consider*  qucd 
pals  no  ae  encuencra  entre  loa  de  mcaor  de- 
sarrollo  ecoobmico  o  de  peores  condibooes 
aanitariaa.  Por  ocra  parte,  d  fendmeno  ae 
acentua  en  Santiago  que,  a  bien  dispone 
de  la  mis  alu  cobertura  dd  pais  en  agua 
potable  y  aistemas  para  cirr.inaodn  de  ex- 
cretas,  contribuye  con  dc  i terdoa  ai  total 
{  de  casos  (7-J). 

i  Ea  bien  oonoddo  que  d  papd  mia  im- 
I  porunte  ea  la  transmisadn  de  la  en/erxne- 
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1m  data*  imtOattm  it  ait  mritta  me  ramUnilw  mM  W 
erteda  dr paataiar  it  S.  typhi J  Us  taUriitafartat  mnntmins 
am  aim  tagam,  aamdmja  a  amaJitar  J  000  matatmt  it  kilit 
m  aalttittapmtU.  Lat  nsakadat  iadittm  fat  U 
dt  n/yi  ylifmtkti  in  CMi- 
t  mfattar  mpartamta  am  Is  trmuminin  it  lafitkta 

tifaiim. 


dad  lo  dcarapeftan  loe  portadorea  (d-6), 
cuyo  numero  ie  iacrementa  por  la  existen- 
da  de  por  lo  menoa  ores  caso*  subdxnicoa 
o  ioapaxentea  por  cada  caao  diagnoadcado. 
Por  eate  naotivo,  la  elevada  prevaleada  de 
las  coledatopaifaa  en  d  pals  {7-1  J)  noa  in- 
dujo  a  invesogar  lareladdn  entre  esta  eo- 
fennedad  y  la  transmiaidn  de  la  Sebre  ttfoi- 
dea,  ya  mcndonada  en  trabajo*  realizadoa 
en  otroe  paisea.  (Esrudioa  epidemioldgicoa 
y  anatoinopatol6giooa  ea  Chile  han  revda- 
do  que  entre  lot  aduhoa  la  lidasia  vesicular 
se  obaerva  ea  uaa  proporddn  dd  50%  ea 
dsexofezneainoydd20,5%  eadmaaculi* 
no  (7,8.) 


Propbaito  del  aetudta 

El  objeavo  dd  esrudio  fue  analirar  la  fio- 
ra  mkrebiaaa  atrobia  ea  la  bQis  de  enfer» 
mot  tftfftrryjsia  a  colecistectoiala  en  la  ciu- 
daddc  Santiago,  yenespedal  las  saimone» 
las  dd  grupo  tffico-pamffico.  Ea  crabajoa 
aim  Dares  realizadoa  eapalses  coo  bajaiad* 
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dencia  de  infecciones  cmcricu,  sc  ha  sena- 
lado  la  presencia  cn  la  bilis  de  una  gran  va- 
rictlad  tic  bacteria*  cn  un  tcrcio  de  loi  caaos 
de  coledstopau'as  intervenidas  quirurgira* 
mente,  pero  tin  participacidn  de  las  salmo* 
nelas  del  grupo  tifico-paratffico  (12-18). 
A1  proycctarsc  sobre  el  total  dc  coJeditopa- 
tfas  estimado  para  Santiago,  el  rcsultado 
de  esta  investigadin  permitirfa  disponer  de 
una  orientacidn  aproximada  con  respecto 
al  numero  de  portadom  dc  fiebre  ti/oidea 
en  la  capital. 

Material  y  mitodo 

La  investigacidn  ac  real i ad  con  exdusivi* 
dad  cn  d  area  urban*  dc  Santiago  cun  la 
eolaboracidn  de  sicte  scrvicios  quirurgicos 
de  los  princi pales  hospitales  de  adultos.  Se 
tomaron  muestrax  de  bilis  durante  tm  me* 
scs,  a  partir  dc  julio  de  1980,  dc  pacicntes 
seleccionados  al  azar,  hast*  lograr  d  total 
preestableddocomometadel  OOOmuestnu. 

Durante  las  colecistectomia*  los  cinija- 
nos  extrajeron  bilis  pur  puncidn  vesicular 
de  los  pacicntes  y  todas  las  muestras  se  re* 
mitieron  al  Instituto  de  Salud  Publics  de 
Chile,  junto  con  sucro  sangufneode  los  en- 
fermos.  En  d  Institute  se  investigd  la  pre¬ 
sencia  de  microorganismos  aerobics  en  las 
muestras  mediame  cultivos  en  agar  sangre 
y  en  medios  sdectivos  salmonella-shigella 
y  desoxicolato  xilosa-iactosa  para  salmone- 
las,  y  las  muestras  de  suexo  sangufneo  se 
sometieron  a  la  prueba  de  Widal  para  de* 
tectar  la  presenda  de  S.  typhi.  Al  mismo 
tiempo,  uno  de  los  hospitales  colaborado* 
res  (d  Hospital  San  Juan  de  Dios)  realize 
una  invesdgaddn  de  microorgantsaos  anae* 
robios  en  la  bilis  de  sus  propios  pacicntes, 
cuyo*  rcsultado*  sepublicaiin  por  9cparado. 


Raoultadoo 

En  d  cuadro  1  se  presena  la  distribucidn 
por  sexo  y  edad  de  los  1  000  padentes  con 


coiedstectomfa  de  los  cuales  se  obtuvieron 
muestras  de  bilis.  La  frecuencia  de  coiecis* 
tectomfas  fue  mayor  en  d  sexo  femenino, 
con  una  rdacidn  de  4:1  6  5:1  mujeres  por 
horobre  en  todos  los  hospitales,  excepto  en 
la  Clfnica  Central  que  s61o  atiende  emer* 
gendas,  dor.de  la  relacidn  file  dc  2: 1  apro* 
ximadamente.  Esteresultadopodriacxplt* 
carte  por  el  numero  mis  devado  de  inter* 
vendones  en  hombres,  a  causa  de  proceso* 
agudos  (empiemas,  colangitis  y  cuaditw 
obstructives). 

Como  se  indica  tambidn  en  d  cuadro  1 
la  proporddn  de  hombres  sometidos  a  esta 
operaddn  aumentd  con  la  edad:  fue  mini* 
ms  en  los  menoces  da  25  ailoa(6,4  %)  y  ma¬ 
xima  (32,8%)  en  los  mayores  de  35  a hot. 
En  las  mujeres  la  distribucidn  fuc  mis  uni* 
forme,  18,1  %  end  grupo  de  mcnom  de 
25  aii os  y  19,5%  en  las  que  tenfan  mis  de 
34  anos. 

Entrc  las  causas  dc  la  intervention  pre- 
doraind  la  litiasis  vesicular,  en  45,7%  dc 
los  hombresy  51 ,9%  de  las  mujeres,  segui* 
da  por  la  cotedsdds  cnSnica,  en  28,6  y  31 ,2% 
respectivamente,  y  por  la  coledstitis  agu* 
da.  en  23,0  y  13,5%. 

£3  empiema  vesicular,  el  cinccr  y  otros 
diagndstico*  s61o  parddparen  en  una  pro* 
porridn  muy  pequena  de  las  intervendo- 
nes  (menos  de  4%).  Sin  embargo,  d  por- 
centaje  de  casos  de  litiasis  vesicular  fue  algo 
mayor  que  d  indicado  ya  que  un  numero 
imporunte  de  padentes  operados  por  cole* 
cistitis  presen taba  litiasis  vesicular. 

En  d  cuadro  2  se  indica  la  proporridn 
de  biiicultivos  que  dieron  resultados  becte* 
rioldgicos  positivos,  segun  d  lugar  de  inter* 
venddn  y  d  sexo;  uno  de  los  porcentajes 
mis  altos  de  positividad  corresponded  al 
Hospital  San  Juan  de  Dios,  lo  que  podria 
debene  acircunstandasespcdaiescn  rela- 
ddn  con  algunasde  las  muestras.  Endkho 
hospital,  adeais  de  hacer  una  invesdga* 
cidnde  microbio*  anaerobios.se  investiga* 
ran  tambiin  las  bacterias  aerobias.  Estos 
eximenes  no  fueron  exactamente  los  mss* 
mos  que  los  que  se  realizaron  en  d  Instituto 
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164 
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de  Salud  Publics,  ya  que  en  tee  x  utillza- 
ron  medio*  adcciivos  para.?.  typhi,  los  ma¬ 
les  tal  ves  limitaron  d  desarrollo  de  otras 
espedes.  Por  lo  Unto  loa  resultadoa  de  lot 
51  eximenn  rraliiadoa  en  d  laboraxoriodd 
Hospital  San  Juan  de  Dios,  que  w  induyea 
en  este  estudio,  quizi  contnbuyeran  *1  de* 
vado  bodice  de  positividad  que  x  enconud 
en  las  muestras  tomadas  en  esa  instiruddn. 

En  la  CUnica  Central  de  la  Asisteccia  Pu¬ 
blics,  donde  sdlo  x  practican  intervenao- 


ncs  de  emergenda,  con  una.  proporddn  al- 
u  dc  procesos  agudos,  x  nbservd  el  mayor 
porceauje  de  resulrados  xwitivos. 

Al  emuiderar  en  conjm  j»  las  muestras 
que  x  tomaron  en  los  siete  atablecimien* 
tos,  la  proporddn  de  bilicultivos  positives 
file  superior  en  hombres  (35,8%)  que  en 
mujeres  (26,6%),  lo  que  puede  rdacionar- 
x  con  la  mayor  frecuenda  de  cuadros  agu¬ 
dos  entre  los  primeros. 

En  d  cuadro  3  x  comparan  los  results* 
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dot  obtenidos  en  hombres  y  mujeres  de  di- 
fe  rentes  grupos  de  edad.  En  I  os  hombres, 
si  no  se  toma  en  consideracidn  ei  pequeho 
numero  de  muestras  de  los  meaores  de  23 
anos,  se  observe  un  aureento  de  pootivi- 
dad  en  loo  grupos  de  mayor  edad.  Este 
aumento  no  fue  tan  pronunciadoen  las  mu* 
jeres,  con  excepcidn  del  grupo  mayor  de 
55  anos  en  donde  ei  prrcentaje  de  positivi- 
dad  fue  49,4. 

Como  se  indica  en  d  cuadro  4,  de  los  I  000 
bilicultivos  examinados  se  aisiaron  340  bac¬ 
teria*,  lo  quc  coincide  con  los  resultados  de 
investigadones  reaiizadas  en  otraa  pafses. 
Etckoricki m  colt  fue  la  bacteria  quc  se  en* 
comru  con  mayor  frecuenda  (con  33,5% 
del  total  de  muestras  positives)  aeguida  por 
las  dd  grupo  iflioo-pamlfkco  (21,5%),  KUb- 
sitllm  pruumoftiaa(ll,8%)y  Stnptaaoecus 
oiridans  (6,5%).  Las  demis  bacteria*  aero- 
bias  se  encontraron  en  propordones  meno- 
res.  En  total  se  aisiaron  340  bacteria*  de 
285  bilicultivos,  ya  que  en  algunoa  de  ellos 
coexistfan  varies  barren  as. 

En  el  cuadro  5  se  muestra  la  distribucidn 
de  salmonelas.  E.  coli  y  otras  baaerias,  se* 
gun  el  sexo  y  la  edad  de  los  padentes.  En 


general,  se  halld  un  mayor  porcentaje  de 
E.  coli  en  bilicultivos  positives  de  hombres 
(18,1%)  que  de  mujeres  (9,7%).  Su  pro* 
porddn  aumentd  con  la  edad  en  ambos  se* 
xos  y  resultd  mixima  en  d  grupo  mayor 
de  54  anos.  A  menudo  se  aisld  £  tali  en 
bilicultivos  que  oontenlantambi^n  otras  bac¬ 
teria*.  La  proporcidn  de  muestras  de  bili* 
positivas  pan  S.  typhi  y  S.  paratyphi  fue 
muy  similar.  S.  typhi  *e  encontrd  en  d  2,9  % 
de  los  bilicultivos  del  sexo  femeniao  y  4% 
de  los  dd  sexo  masculino,  y  S.  paratyphi 
en  d  2,5  y  3,1  %  reqpecttvamente.  Eacuanso 
a  la  distribuddn  de  estas  variedades  segrin 
la  edad  de  los  padentes,  no  pudo  anaGaarsc 
eficazraente  en  los  bombres  debido  al  redu* 
cido  numero  de  muestras.  En  las  mujeres 
se  observd  una  leve  disminuddn  de  las  por* 
centajes  de  cuidvos  positivos  al  aumentar 
la  edad,  peso  no  fue  estadisticamente  signs* 
ficativa.  Como  S.  tyhpi  es  responsaUe  de 
la  mayoiia  de  las  infeeciones  entdrica*  cau* 
sad a*  tamhidn  por.?.  paratyphi  es  evidentc 
que  los  resultadoa(que  muestran  porcenta* 
jea  aproximadamente  iguales  de  los  dos  mi* 
croorganisnsos)  no  reflejen  loobservado  en 
la  clinica. 
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En  cuanto  aJ  ticmpo  transcurrido  entre 
la  otxcncidn  y  el  anilisis  de  las  muescr&s 
dr  bQis,  el  cuadro  6  indica  que  las  muestras 
procesadas  72  boras  despuis  de  la  colecis* 
tmnmfa  resultaroa  posidvas  ea  50,4%,  y 
diiminuyeroo  a  24%  cuando  d  plan  fue 
mayor.  (Todas  las  muestras  se  procesaron 
dentro  de  los  siete  dlas  despuis  de  su  reco- 
lecd6n.)  En  geoeral,  en  las  baaerias  dd  gru- 
po  rifico-paratffico  se  hall6  una  posiovidad 
de  7,7  %  cuando  d  tiempo  transcurrido  an* 
tes  de  la  siembra  fue  menor  de  72  boras, 
con  una  disminucidn  a  6,6%  en  un  iapao 
mayor.  Las  otros  tipos  de  bacteria*  resulu- 


ron  aun  mis  afectados  al  aumentar  d  den 
po  transcurrido,  con  22,7  %  de  posiuvids 
cn  lapses  mesom  de  72  boras y  17,4%  « 
los  mayoras  de  ese  lfmite. 

.  En  d  cuadro  7  se  comparan  los  result 
dot  de  los  bOiculdvos  y  las  reacdoocs  < 
agiutinaci&n  (Widal),  obtenidas  con  l 
muestras desangredc  los  padentes.  Con 
puede  observers  bubo  un  aumento  de 
posidvidaddd  culdvoamedidaquesed 
vaban  los  dtulos  de  anticuerpos  H  y  O,  d 
tcctados  par  la  reacd6n  de  WidaL  S6k>  1 ,6 
de  los  enfe.  _joj  con  reacd6n  oegativa  pa 
d  antfgeno  H  (con  dtulos  menores  de  1 :4 
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y  1,7%  endcasoddantfgenoO,  tuvieron 
muestras  de  bilis  pocitivas  pan  S.  fyphi. 
De  manen  contnria,  sdlo  181  (19,9%)  de 
los  padentes  con  muestras  negatives  pan 
S.  fyphi  tuvieron  reacciones  positive*  fren- 
te  ai  antigeno  H,  y  unicamcnte  122  (13,4%) 
fueroa  positives  {rente  al  anticucrpo  O. 

£a  el  cuadro  8  se  compann  los  results* 
dos  de  los  biliculdvos  y  los  antecedentes  de 
enfermedad  de  los  patiences  con  respecto 
a  una  infeeddn  entdrica  previa.  Ea  bom- 
bres,k»cultivospoaavospam£  typJksaxn- 
cidieron  con  ua  antccedente  de  enferroe- 
dad  entdrica  ea  20,8%,  mientras  que  sdio 
4,4%  sin  antecedentes  o  recuerdo  de  infee- 
cido,  tuvieron  cutovos  positives  pan  am- 
bos  tipos  de  bacierias.  De  manen  similar, 
se  obtuvieron  culdvos  positivos  en  20,4% 
de  las  mujeres  con  antecedences  de  enfer¬ 
medad  ent6rica(en  companddn  oin  5,7  % 
sin  recuerdo  de  infeeddn).  Como  es  obvio, 
el  antccedente  se  predsd  mejor  en  casos  de 
infecoones  reden tea.  For  otn  parte,  cabe 
senalar  que  se  hubienn  obtenido  resulta- 
dos  mis  delinidosen  favor  dd  paraldiamo 
emre  d  antccedente  y  la  positividad  dd  cul- 
ti  vo  al  no  mediar  la  fiecuenda  de  casos  sub- 
dfnicos  o  ambulatorios,  donde  la  infeeddn 
no  en  evidente. 

Dlscuaidn  v  **— *“ilnnsi 

En  Chile,  la  incidenda  anual  de  la  fiebre 
tifoides  supen  a  la  de  pafses  con  menor  de- 
sarroUo  econdmico  y  condiddn  dimidca 
mis  favorable  pan  la  tnuumisidn  de  enfer- 
medades.  El  hecao  es  aun  mis  notorio  en 
la  dudad  de  Santiago,  donde  se  registran 
dos  terdos  dd  total  de  casos  con  sdlo  un 
terdo  de  la  pobladdn  total  dd  pals. 

Se  ha  comprobado  que  mis  que  los  en- 
feroos,  los  ponadores  de  S.  fyphi  juegan 
un  papd  preponderante  en  !a  transmisidn 
de  La  enfermedad,  pero  los  estudios  desti- 
nados  a  demostrar  este  hecho  se  han  basa- 
do  siempre  en  el  coprocultivo,  mdtodo  im- 
p reci so  y  resistido  por  los  padentes  si  se  rc- 
pite  en  forma  seriada. 


Hntor,  el  at 
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Adcmis,  existen  dfttoa  de  que  las  bacte¬ 
rial  del  gnipo  uTtco-paraitfico  aoo  causa  de 
coledstopatlas  y  que  si  infectaa  a  personas 
que  ya  padecen  de  proceaot  vesiculares,  la 
persist cnda  del  estado  de  portador  es  mis 
frccucme  y  prolongada  que  en  las  personas 
que  no  padecen  coledstopatia.  A  lo  ante* 
rior  debe  anadirse  que  la  prevalence  de  co* 
lecistopatlas  en  Chile  es  una  de  las  mis  ele- 
vadas  del  mundo. 

Otro  dato  significative  es  que  durante  d 
cstudio  se  pracbcaron  cuatro  veces  mis  co- 
ledstopatliu  en  mujeres  que  en  hcmbres. 
En  general,  £jtos  tuvieron  in  t  erven  clones 


porprocesosagudoe,  mientras  queen  lama* 
yorfa  de  las  mujeres  predonaind  d  diagndo* 
tin  de  coledstiris  crdiuca  o  li  tiasis  vesicular. 

En  lo  que  se  refiere  a  los  tesultadoa  de 
lot  biliculdvos,  *6Jo  E.  coli,  presente  ca 
33,5  %  de  las  mucstras  podtivas,  superd  en 
frecueadaal  grupo£  typhi -paratyphi,  que 
sehaQ6en  21,5%,  asfcomoacualquierotn 
magnitud  registrada  en  la  bibiiogrsdla.  A1 
respecto,  conviene  notar  que  los  informes 
aaterioies  sobrr  zjtut  tema  corresponden  a 
pafsts  con  mayor  desanollo  econdmico  y 
baja  inddencia  de  infecdooes  entiricas.  La 


repetidda  de  este  dpo  de  investigadones  en 
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poises  donde  la  fiebre  tifoidea  aun  const  i  tu* 
ye  un  problem*  grave,  otorgaria  mayor  va- 
iidez  a  las  condusiones  de  este  es radio. 

No  se  observd  una  rdaddn  dara  entre 
d  aislamientode  bacteria*  especfficaaen  los 
biliculdvos  y  lot  antecedentes  de  enferme- 
dad,  salvo  en  los  casoa  de  infecribn  muy 
reaente.  Esto  puede  atribuirse  sob  re  todo 
a  la  frecuenda  de  formas  ambulatorias,  no 
adverddas,  en  especial  en  el  caao  de  S.  pa - 
ratyphi'B,  cuyo  aislamiento  de  los  bQiculti* 
vos,  casi  tan  alto  corao  d  de  5.  fyphi,  no 
guard*  reladdn  con  la  frecuenda  mfnima 
de  su  diagndodco  dinico. 

En  cambio,  bubo  derta  concordanda  en¬ 
tre  la  positividad  de  los  culdvos  y  los  tftulos 
de  anticuerpo*  H  y  O  detectados  median  te 
las  reacdones  de  agiutinaddn  de  Widal. 

La  positividad  de  S.  fyphi-paratyphi 
(7,3%)  obtenida  en  los  bilicultivos  exarai- 
nados,  al  proyectarse  sobred  total  de  cole- 
dstopatfas  en  d  irea  metiopolitana  de  San- 
dago(500  000)  oen  todo  d  pall  (1  200  000), 
permite  dedudr  la  enorme  canddad  de  por- 
tadones  drculantes,  sobre  todo,  dd  sexo  fe¬ 
rn  enino,  quienes  en  su  mayor!*  suden  ocu- 
parse  de  la  manipulacidn  de  alimentos. 

El  riesgo  de  que  los  casos  diagnosticados 
y  noti/icados  de  infecdones  por  S.  fyphi  y 
S.  paratyphi,  junto  con  d  mayor  numero 
de  casos  subdinicos  o  inaparemes,  se  trans- 


formen  en  portadores  crdnicos  se  magnifi¬ 
es  por  las  devadas  tasas  de  coledstopatfas 
y  li basis  vesiculares.  Se  explica  as!  la  inuii- 
tada  Lnddenda  de  esus  infecdones  en  un 
pais  cuyo  nivd  socioecondmico  y  coodi  do¬ 
ne*  tan  to  sanitaria*  como  riimiticas  no  se 
encuentran  entre  los  mis  desfavorables  dd 
mundo  para  la  transmisidn  de  esos  orga- 
nismo*.  Las  esperanza*  de  redudr  al  mixi- 
mo  este  problem*  dependen  en  gran  pane 
dd  eadto  que  sc  logre  en  los  ensayo*  de  nue- 
vas  vacunaa  vivas  y  atenuadas  de  adminis- 
craddn  oral  que,  ademis  de  propordonar 
proteeddn  contra  las  manifestadonca  cli¬ 
nical,  lean  capaces  de  produdr  inmunidad 
intestinal,  con  la conaecuente  reducd6o.dc! 
numero  de  portadores. 

Rasurron 

En  anos  nrdentes  la  morbilidad  de  la  fie- 
bre  tifoidea  en  ChQe  ha  sido  idarivamente 
alta  y  la  inddenda  de  la  enfermedad  se  ha 
devado  hasta  120  casos  por  100  000  habi¬ 
tants*.  Comoenestudiosreaiiaadosenotros 
pafses  se  ha  encontrado  una  reladdn  entre 
la  coleciitoparfa  y  d  estado  de  portador,  al 
que  puede  atribuirse  gran  pane  dela  trans- 
misido  de  la  fiebre  tifoidea,  se  realizd  un 
anAlisis  de  muestras  de  bilu  y  de  sangre  de 
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)  000  pacicntes  intervenidot  por  coledsto- 
patfa,  durante  d  perfodo  de  juiio  a  ocrubrt 
de  1980.  Lo*  siete  hospitaler  que  propor- 
cionaron  las  muestras  se  eocontnbaa  ubi- 
cados  en  d  irea  metropolitan*  dc  San’ia* 
go,  en  donde  la  incidcncia  de  la  fiebre  tifot- 
dea  era  considentblemcnte  mis  alia  que  ea 
d  reito  dd  pals. 

Las  cdecusecToailas  fueroa  aprorimaria- 
mente  cuatro  veces  mis  frecuentes  ea  las 
mujeres  que  en  los  hombres,  lo  que  confir¬ 
ms  el  hccho  deque  la  iaddenda  dc  eoleds- 
topatfas  es  mayor  en  d  sexo  femenino.  Sis 
embargo,  un  porcentaje  mis  alto  de  bom* 
bres  ingresaroo  ea  los  hospitaler  por  cole* 
cistitis  aguda. 

Se  encontraroo  hacterias  en  d  35,8%  de 
los  bilicultivm  de  padentes  dd  sexo  maaco* 
lino  y  end  28,5  %de  los  ddsexo  femenino. 
En  los  285  bUicuitivos  podtivos  se  eneoa* 
traron  38  SalmonMa  typhi  y  35  S.  paraty¬ 
phi.  En  conjunto,  stSlo  se  aisld  S.  typhi  ea 
d  1 1,2%  de  los  biliculdvos  podtivos  y  ea 
el  3,8%  de lasl  000  muestras ntaminadas, 
Estos  result  ado*  concuerdan  bastaate  bien 


con  los  obterudos  mediante  las  reacdones 
de  agluunaddo  de  Widal  que  se  efectuaron 
con  muesvas  de  sangre  de  los  mumos 
padentes. 

Las  colecLgoparfas  ton  bastaate  frecuen¬ 
tes  en  Chile;  sdlo  ea  d  irea  de  Santiago  te 
ha  estimado  que  exist  en  500  000  casos.  Ei¬ 
re  heebo,  unido  a  la  Ereeuenda  de  estados 
portadores  ea  los  caaos  de  coledstopatla, 
co  mo  se  deduce  de  los  resuJtados  die  este 
esrudio,  permit e  escplicar  la  gran  indden- 
da  de  la  fiebre  dioidea. 
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Investigation  of  tho  Saimorm**  typftbpantypM  cantor  state  In  cases  of  surgical 
Intervention  for  gallbladder  disease  (Summery) 


Chile  hai  experienced  relatively  high  typhoid 
morbidity  in  recent  yean,  the  annual  incidence 
going  as  high  as  120  cases  per  100  000  inhab¬ 
itant!.  Because  conelatioaa  had  been  found  eiae- 
where  between  gallbladder  disease  and  the  car¬ 
rier  state  responsible  for  much  typhoid  trans¬ 
mission,  a  study  was  made  of  bile  and  blood 
specimens  from  1  000  patients  whose  gallblad¬ 
ders  were  surgically  removed  in  July-October 
1980.  The  seven  health  facilities  providing  these 
specimens  were  located  in  metropolitan  San¬ 
tiago,  which  had  been  experiencing  a  consider¬ 
ably  higher  typhoid  incidence  than  the  rest  of 
the  country. 

About  four  times  as  many  surgical  interven¬ 
tions  were  performed  on  women  than  on  men, 
confirming  that  there  was  a  generally  higher 
incidence  of  gallbladder  disease  among  the  form¬ 
er.  However,  a  higher  proportion  of  the  male 


patients  were  admitted  far  acute  vesicular  dnease. 

Bile  specimens  yielding  bacterial  isolsiea  were 
obtained  from  33,8%  of  the  male  patients  and 
28,5%  of  the  female  patients.  These  285  posi¬ 
tive  specimens  yielded  38  iaAaoorffc  typhi  and 
35  £  p»atypdi  isolates.  Overall,  £  typdi  was  iso¬ 
lated  from  11,2%  of  the  positive  bike  specsmens 
and  3,8%  of  the  1  000  specimens  examined. 
These  results  correlated  flirt/  wcO  with  the  re¬ 
mits  ofWidal  agglutination  tests  performed  with 
blood  specimens  from  the  same  patients. 

Gallbladder  pathologies  are  quite  common 
in  Chile,  there  being  an  estimated  500  000 cases 
in  Santiago  alone.  This  fact,  together  with  the 
frequent  occurrence  of  the  carrier  state  in  gall¬ 
bladder  disease  cases  —  as  shown  by  the  fin¬ 
dings  of  this  study  —  helps  to  explain  the  high 
observed  incidence  of  typhoid  lever. 


Pesqutoa  sobrt  o  estado  (to  portador  da  Sslmondlla  typhhpantyphi 
*m  do«ntM  opnradou  davido  i  patofogia  vaaleutar  (Raaumo) 


Nestes  fllnmtn  anas  a  morbthdade  da  febtr 
tifaide  no  Chile  tern  ado  retativamence  aka  e  a 
modteda  da  doenca  atzsgiu  art  120  cams  por 
100  000  habitants.  On  mwin  cm 


que  escudos  fdtos  cm  ouot»  pains  o 
dctnonsti-atam,  enconorou-se  urns  iriagSo 
entre  a  coledaopatia  e  o  esudo  de  portador. 
so  qua!  m  pode  atribuir  cm  grande  paste  a 


tutor-  ft  at 
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rtnoruuio  da  febre  ul&ade.  Ferenc  analite  de 
unottras  de  bflis  e  dr  aanguc  dr  i -  1  000  dorntca 
iperados  dr  colcdstmtomia  dumoamte  o  periodo 
k  julho  a  outubro  dr  1980.  O*  jm  wt  boa  pet  an 
{ur  ferarcerun  aa  unarm  fiesma  na  irea 
nctrepolkana  dr  Santiago,  endear  a  iaddtada 
la  febre  tifOadc  era  notandmam  mair  alu  do 
que  no  reato  do  pals. 

Aa  cokduoMomics  foran  ap—rimadamen- 
.e  quatro  met  maia  brqgintam  com  aa 
nulhera  que  enire  oa  bocaraa.  a  a>  que  coniirrsa 
>  faio  dr  que  a  inddtnoa  dr  ce  cekewopatiaa 
eja  maia  aJu  no  arcs  feminnm.  h.  No  entretartto. 
ana  percmcajetn  maia  aka  dr  ktfrumem  baixou 
aaa  hoapitaia  derido  i  colrcanmar  aguda. 

Ac  ha  ram -ar  bact  trial  oa  lSJ5i%  dm  bilicui- 
uaraa  dr  doentes  do  aexo  aaa— ruling  t  cm 


U,i%  du  do  mxo  femiaiao.  Su  255  biiicul- 
rum  potjtrvaa,  acharam-ae  U  Salmon* Its 
typhi  •  55  S.  paratyphi.  Em  coo  junto,  sotnerur 
ir  iaolou  S.  typhi  cm  11.2%  dti  btlicukum 
paddraa  e  era  5,8%  daa  1  00 0  amoatm 
exanuaadat.  Eaaca  mulct  dm  cooco  nitre 
banana*  brm  com  oa  qur  forare  obddoa 
meditate  as  reacOea  dr  aghiuaa^io  dr  Widal 
kuna  com  amoatm  dr  saogue  dm  prdprioa 
domra. 

At  cokcutopadat  do  beo  frequeotes  no 
Ouk.  Fa  te  urea  eadreadva  qur  *6  aa  irra  dr 
Santiago  hi  500  000  cum.  To do  bto  acreacm- 
udo  I  frrquteda  dr  estados  porcadoret  am 
cuoa  dr  cokcmopacia.  como  ar  podr  drduxzr 
dm  arhadna  deatr  ratudo.  perm  or  expiicax  a 
grzndr  inodfcnda  da  febre  tddide. 


Rrchorch*  sur  |‘4tat  do  ponartour  do  Salmonella  typhhparatyphl  cfcoz  doo  patients 
opdrdo  pooour  pathologio  vtsfeulairt  (Rdoumd) 


Au  court  drt  deraieres  inntnen  la  morbilitf 
causer  par  la  fiivre  typhotde  au  Ci  Chili  a  til  rela- 
li  vemen  t  imponan  te  et  I  *  inridenmee  dr  cette  mi- 
ladle  t’est  ^levefr  juaqu’l  120  axu  pat  100  000 
habiianu.  Etantdonn£quc,lanarsd’£tudesr£ali- 
airs  dans  d’lutres  pays,  on  a  caakarW  un  rap¬ 
port  entre  la  colccystopathk  et  imie  fait  d’etre  por* 
teur,  auquel  on  peut  annbuer  ecoae  grande  par- 
tie  de  la  transmission  de  la  Gevrere  typbotde,  une 
analyte  d’ichantillofudebik  cam  tie  sang  dr  1  000 
patieots  ayant  aubi  une  cokcycmotoaie  fut  ef¬ 
fect  u6e,  pendant  la  piriode  de  puuilkt  i  octobre 
1 980.  Lcs  sept  hopitaux  qui  faunnrmrent  lea  fchan- 
tilloiu  ae  trouvaient  sirues  dans  ns  1a  zone  m^tro- 
politaine  de  Santiago,  ou  J’inoearicncc  de  fievre 
typhoide  £tait  cowiderahlemeremt  plus  ilevix  que 
daru  k  reste  du  pays. 

Let  colecyatotomies  furtn:  sc  approximative- 
meat  quaere  fo Li  plus  frdqucnta-xs  chez  les  fem¬ 
mes  que  chez  les  horerees,  ce  ss.  qui  confirme  le 
fait  que  1' incidence  de  culecyttssopathie  etx  plus 


courante  dans  k  aexe  ftminia  Ccpendaut,  un 
pourcestagc  plus  Qe*t  d’boomea  entrirew  a 
I’bApital  pour  cokcytutc  aigue. 

Oa obaervs det baairies dans  55,8%  deabi- 
liculturea  de  pacienta  du  aexc  masculin  et  dans 
28,5%  det  bdkuhum  de  maladrs  du  aexc  fe- 
miain.  Dans  ks  285  bdiculrures  positives  oade- 
couvrit  38  Salmonella  typhi  et  35  51  paratyphi. 
Pour I’entembk, oa  itola  typhidxm  11,2% 
des bOicultuna positives etdaaj 3,3% deal  000 
fchantiBont  examines.  Cea  resuhats  concordent 
assez  biea  avec  ceux  obcenua  par  let  reacnotu 
d 'agglutination  de  Widal  qui  furest  efieeru eet 
avec  deafchanriBomtkaang  dea  mcnes  piLiC&«L 
Lea  cokcytropathiet  aoat  assez  frequentes  au 
Chili;  os  a  esrimi  leur  n ombre  k  500  000  cas 
pour  la  aeule  region  de  Santiago.  Ce  fait,  uni 
au  norabre  de  poneurt  dans  lea  cas  de  cotecy- 
Hopathie,  commeoo  peut  k  deduire  des  resul- 
taude  cette  etude,  penaet  d'expliquer  la  gran¬ 
de  incidence  de  la  fijrvre  rypboide. 


APPENDI3 

,  HE  JOLRNvL  OF  INFECTIOUS  DISEASES  •  VOL  II*.  NO  *  •  DECEMBER  !S<: 

I  b>.  The  L  rmr-'.i'  ol  Chiojo.  All  dfhn  r«t>evJ.  <0'2- 1 iW  S2  y>*-OOZi(jO  "5 


Precise  Estimation  of  the  Numbers  of  Chronic  Carriers  of  Salmonella  typhi 
in  Santiago,  Chile,  an  Endemic  Area 
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As  pan  of  a  program  to  control  endemic  tvphoid  fever  in  Santiago,  Chile,  an  assess* 
ment  was  made  of  the  magnitude  of  the  reservoir  of  chronic  earners  of  Salmonella  typhi. 
The  availability  of  an  accurate  census  and  -eliabie  data  on  the  prevalence  of  biliary  dis¬ 
ease  and  of  S.  typhi  carriage  among  persons  with  cholecystitis  allowed  an  unusually  pre¬ 
cise  estimate  of  the  number  of  carriers.  In  1930  there  existed  23,019  female  and  4,373 
male  carriers  in  a  population  of  4,264,314,  yielding  a  crude  prevalence  of  694  carriers 
per  10*  population.  Because  of  the  magnitude  of  this  human  reservoir,  which  includes 
many  females  of  <40  years  of  age.  it  is  recommended  that  a  typhoid  control  program 
include  the  identification  of  carriers  followed  by  health  education  and  therapeutic 
interventions. 


The  human  population  is  the  reservoir  as  well  as 
the  natural  host  for  Salmonella  typhi.  In  general, 
*-29o-5<ro  of  all  individuals  who  develop  clinical 
or  subclinical  infection  with  5.  typhi  become 
chronic  gallbladder  carriers  and  thereby  serve  to 
maintain  endemicity  of  the  disease  [1-6].  The  pro¬ 
pensity  to  become  a  chronic  carrier  after  acute  in¬ 
fection  increases  with  age  and  is  greater  in  women 
(1.  2.  3,  7],  observations  which  are  in  keeping  with 
the  epidemiology  of  cholelithiasis  [S- 11]. 

Typhoid  fever  is  highly  endemic  in  Santiago, 
Chile,  despite  the  widespread  availability  of  pota¬ 
ble  water,  the  sewered  sanitation,  and  the  effective 
control  of  most  other  communicable  diseases  [12, 
13].  Chile  also  has  one  of  the  highest  prevalences 
of  cholelithiasis  in  the  world  [10,  11.  14],  This 
combination  of  a  high  incidence  of  typhoid  fever 
and  a  high  prevalence  of  gallbladder  disease  prob¬ 
ably  results  in  a  high  prevalence  of  chronic  car¬ 
riers.  Continued  contamination  of  vehicles  of 
transmission  by  these  carriers  maintains  the 
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endemic  cycle  and  interferes  with  effective  control 
of  typhoid  fever. 

As  part  of  a  program  to  control  endemic  ty¬ 
phoid  fever  in  Santiago,  we  estimated  the  number 
of  chronic  S.  typhi  carriers.  The  availability  in 
Santiago  o:  a  reliable  census,  coupled  with  a  large 
necropsy  survey  of  the  prevalence  of  cholelithiasis 
and  quantitative  data  on  the  frequency  of  S.  typhi 
carriage  among  persons  with  cholecystic  disease, 
provided  an  opportunity  to  assess  the  magnitude 
of  the  human  reservoir  of  infection  with  a  preci¬ 
sion  heretofore  not  possible. 

Materials  and  Methods 

The  sizes  of  the  male  and  female  populations  of 
Santiago  were  obtained  from  official  census  data 
[15].  The  prevalence  of  persons  with  gallbladder 
disease  in  each  decennial  age  group  over  10  years 
of  age  was  obtained  from  1,967  autopsies  per¬ 
formed  at  the  Medico-Legal  Institute,  Santiago 
[10];  in  thu  vast  majority  of  instances,  these  autop¬ 
sies  were  performed  on  persons  who  died  as  a  re¬ 
sult  of  motor  vehicle  accidents  or  other  trauma 
[10],  The  percentage  of  persons  in  each  age  group 
w  ho  had  gallbladder  disease  was  multiplied  by  the 
number  of  persons  of  that  age  in  the  general  popu¬ 
lation  to  estimate  the  number  with  gallbladder 
disease. 

The  prevalence  of  chronic  infection  of  the  gall¬ 
bladder  wuh  5.  typhi  among  persons  with  biliary 
disease  in  !9>Q  i>  known  from  a  recent  study  of 
persons  undergoing  cholecystectomy  in  seven  ma- 
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Tab)*  1.  Estimate  of  the  number  of  chronic  Cartiers  of  Salmonella  typh  in  Santiago.  Chile,  in  1930  based  on  the 
presalence  of  gallbladder  disease  in  the  population  and  the  presence  of  chronic  infection  with  S.  typhi  in  persons 
with  cholelithiasis. 


Age  group  (vein) 


Characteristic 

10-19 

20-29 

10-39 

40-49 

50-59 

(50-59 

70-79 

>?0 

Total 

Female 

441,401 

407.  190 

323,917 

221.209 

-.69.221 

113.531 

59.231 

2I.*|4 

t.759.J4| 

Cholelithiasis  (*»)• 

9.7 

21.4 

41.1 

51. 7 

60.0 

69  2 

69 .2 

55.5 

.  .  . 

Cholelithiasis* 

41.010 

91.212 

119,611 

114.165 

101.5-3 

■J.5S3 

40.993 

12.051 

0.675 

S.  typhi  carrier? 

1.720 

1.111 

5,386 

4,575 

4.061 

3.144 

I.O40 

412 

25.019 

Cirriees  per  10* 

population 

1M 

940 

1,724 

2,068 

2.401 

2*61 

2.761 

2.220 

.  .  . 

Male 

411,665 

171.195 

294,395 

19;. 964 

139. “2 

32.553 

39.221 

9.536 

1.572.551 

Cholelithiasis  (*•)* 

0 

4.5 

11.4 

16.7 

19.1 

24.7 

43.5 

40  0 

,  ,  . 

Cholelithiasis! 

0 

16,125 

19,476 

32.195 

2*.6*5 

20.472 

17.061 

3.814 

I57.7IJ 

5.  typhi  carrier? 

0 

411 

1,141 

939 

191 

594 

493 

III 

4J7J 

Carriers  per  10* 

population 

0 

131 

189 

4*4 

575 

*P 

1.262 

1.164 

•  .  • 

NOTE.  Data  are  no.  of  persons  except  where  percent  apes  are  indicated. 

*  Percentages  based  on  1,967  persons  studied  at  autopsy  at  the  Med  co-Legal  Institute.  Santiago. 

*  Estimate  computed  by  multiplying  the  no.  of  persons  in  each  age  group  of  the  gee-era 1  population  by  the  percentage  of  persons  ia 
that  age  group  »hu  were  found  to  have  cholelithiasis  at  autopsy. 

*  Estimate  based  on  the  obserwtien  that  4e«  of  females  and  2.9ri  of  males  gallbladder  disease  in  Santiago  base  chronic 
S.  typhi  bile  infection  (16). 


jor  hospitals  in  Santiago  [16].  Cultures  of  bile  and 
gallbladder  were  made  at  the  time  of  surgery  from 
1,000  consecutive  patients  of  all  ages.  The  mean 
prevalence  of  S.  typhi  carriage  was  4.0%  among 
the  796  female  patients,  and  there  was  little  varia¬ 
tion  by  age;  the  mean  prevalence  of  S.  typhi 
among  the  2W  male  patients  was  2.9%.  The  mean 
prevalence  of  S.  typhi  infection  for  each  sex  was 
multiplied  by  the  calculated  number  of  persons 
with  gallbladder  disease  within  each  age  group  to 
derive  the  number  of  chronic  carriers. 


Results 

A  summary  of  the  population  of  Santiago  in  1980 
by  age  and  sex,  the  number  of  persons  with  gall¬ 
bladder  disease,  and  the  calculated  number  of 
S.  typhi  carriers  is  shown  in  table  1.  In  total, 
25,019  female  and  4,575  male  chronic  carriers  of 
S.  typhi  over  10  years  of  age  were  calculated  to  ex¬ 
ist  among  the  population  of  4,264,514  in  greater 
Santiago;  the  overall  prevalence  was  694  carriers 
per  10’  population.  The  prevalence  of  chronic  car¬ 
riers  increased  with  age;  among  women  over  40 
years  of  age,  2.1%-2.8'To  (that  is,  2,068-2,768  per 
10*  women)  were  computed  to  be  chronic  S.  typhi 
carriers. 


Discuaion 

Typhoid  fever  is  highly  endemic  in  Chile,  (the  an¬ 
nual  incidence  since  1975  has  ranged  from  59  to 
121  cases  per  10*  population),  particularly  in  San¬ 
tiago  where  peak  incidence  rates  occur  in  older 
schoolchildren  and  young  adults.  This  has  been 
somewhat  enigmatic  to  epidemiologists,  since 
based  on  other  demographic,  socioeconomic,  and 
health  indicators,  Chile  is  a  fairly  developed  coun¬ 
try.  The  relationship  between  biliary  disease  and 
chronic  S.  typhi  carriage  has  been  recognized  for 
many  decades  [1-7],  Chile  also  has  one  of  the 
highest  prevalences  of  gallbladder  disease  in  the 
world  [10.  II,  14],  and  gallbladder  disease  ap¬ 
pears  among  young  female  Chileans  [10,  11].  We 
therefore  surmised  that  there  must  exist  a  partic¬ 
ularly  high  prevalence  of  chronic  carriers  in  San¬ 
tiago  who  serv»  as  reservoirs  and  disseminators  of 
S.  typhi  and  who  help  maintain  a  high  level  of  en- 
demidry  of  typhoid  fever. 

The  present  report  provides  the  most  precise  esti¬ 
mation  ever  made  of  the  number  and  prevalence 
of  chronic  carriers  of  5.  typhi  in  an  endemic  area. 
This  precision  was  possible  because  of  the  ex¬ 
istence  of  accurate  data  providing  the  age-specific 
prevalence  of  cholelithiasis  [10,  11]  and  the  fre¬ 
quency  of  chronic  biliary  infection  with  5.  typhi 
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among  persons  with  gallbladder  disease  (16j.  The 
few  previous  attempts  at  estimating  the  number  of 
chronic  carriers  of  5.  typhi  in  other  geographic 
areas  were  rough  estimates  which,  with  one  excep¬ 
tion,  did  not  take  into  account  the  relationship  be¬ 
tween  the  age  of  the  patient  at  the  time  of  acute  in¬ 
fection  and  the  development  of  the  chronic  carrier 
sate  (7,  17,  13J. 

The  large  number  of  chronic  carriers  of  S.  typhi 
(29,594  persons)  and  the  high  crude  prevalence 
rate  (694  carriers  per  10*  population)  calculated 
for  Santiago  demonstrate  the  notable  magnitude 
of  the  human  reservoir  of  S.  typhi.  Furthermore, 
the  existence  of  many  carriers  younger  than  30 
years  of  age  implies  that  a  significant  reservoir  will 
be  present  for  many  decades  to  come. 

The  outstanding  efficacy  of  Ty  21a  attenuated 
S.  typhi  oral  vaccine  in  preventing  acute  typhoid 
fever  in  Alexandria,  Egypt,  has  generated  con¬ 
siderable  hope  that  mass  application  of  this  vac¬ 
cine  in  endemic  areas  may  greatly  diminish  the  in¬ 
cidence  of  typhoid  fever  and  can  serve  as  the  key¬ 
stone  of  typhoid  fever  control  programs  (191. 
Nevertheless,  the  identification  of  chronic  S.  typhi 
carriers  followed  by  health  education,  counseling, 
and  treatment  should  also  be  considered  critical 
components  of  a  typhoid  fever  control  program. 
In  this  context  it  would  be  particularly  beneficial 
to  identify  young  carriers  (<40  years  of  age)  who 
will  play  a  role  for  many  decades  in  disseminating 
S.  typhi.  Simple  serologic  [20J  and  bacteriologic 
[211  methods  have  become  available  to  screen  for 
S.  typhi  biliary  carriers.  Similarly,  preliminary  ex¬ 
perience  suggests  that  there  now  exists  an  effec¬ 
tive,  nonsurgical,  domiciliary  therapy  to  eradicate 
chronic  S.  typhi  gallbladder  infection  [22];  the 
therapy  involves  a  28-day  course  of  oral  amoxicil¬ 
lin  and  probenecid  (22J  (C.L.,  unpublished  obser¬ 
vations).  Identification,  supervision,  and  treat¬ 
ment  of  chronic  carriers  should  be  part  of  a 
typhoid  fever  control  program. 
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the  hjjWy  purified  antigen  in  >  paaurt  haemagglutinuioo 
assay  m  detect a  until  number  of  chronic  S  typhi  earner*  in  a 
ncrt-eafemic  srea  (Ar  bma,  USA);  Vi  serology  was  potion 
in  all 7  chronic  S  rypht  carriert  tested  but  in  only  1  of  37  (3%) 
of  the  Kool<ulTurMKfatrv«  egeaco  of  these  CMifan.  To 
drierrawe  vheiba  this  ml  might  bo  useful  in  on  endemic 
area,  we  km  mhuted  (be  aiMiijiiry  and  speofiary  °f  «h* 
pnm  Wteagglunnarioo  May  with  highly  purified  Vi 
Mtigea  edma  chronic  f  typhi  onion  in  Sortings  Chile, 
•here  (hot  in  in  minuted  23  000  or  marc  chronic .$  typht 
cirriaa"  and  what  typhoid  firm  is  mill  an  i 


*r(  Hmrjlmrd  Sdmt  t( 
[~4  If  -  j  / 

ad  Inmmmnf  PtU*  Hmhk, 


SUBJECTS  AND  M8THOOS 
a  Onetc.  S  typhi  carriw  » as  individual  I 


i  dagWy  purified  Vi 

aaripea,t—m  robot 

rhrnair  Ti in rTrite  ijy  V  — 8 —  ~ ~ i  Viaaitedy 

tint  of  140  wee  finaad  to  beet  a  «aMiriey*rr75%,  specificity 
of  93%  tad  a  high  predicate  nto  it  ■  i  imiag  for  chronic 
S  typhi  mrricn  in  high-risk  popalnm  tnmpt  (eg,  wooaa 
over  40  y on).  This  simple  may  cm  **»  for  chrocic 
5  typhi  carriert  even  in  treat  where  typhaMd  firm  a  highly 
endemic. 


emooocnos 

Stuct  the  description  in  eh*  193Q«  rfrihe  Vi  intiges  of 
TtftnmrTe  typU1  and  of  the  reboot  benwaea  high  serum 
tima  of  Vi  antibody  and  the  chrocnc  S  tom*  carrier  ante,1 
there  hwe  been  many  conflicting  report!  aMMiibe  uacfiilnen 

oTVitcrotofy  in  tbederectioeofchroeacSrCTofccerrieTt.  The 

disagreements  stem  from  both  the  eMhands  mod  and  the 
interpretation  of  ranks.  Fetei  and  isltr.'J  a  med  t  Vi- rich 
5  rypftr  ttrain  as  the  anrigen  in  a  direct  bee=rial  agglutination 
test,  which  they  oonstdered  helpful  in  ideenrifyieg  chronic 

5  ijpAr  cerrien.  Some  authoritio  pieced  nnneh  cncfidence  in 

thit  screening  tea  that  they  required  a  nr  pane  Vi  serology  to 
be  documented  in  til  individuals  cs^aayed  in  certain 
industries,  such  as  the  water  and  food  ndanai*  However , 
the  usefulness  of  this  ten,  especially  is  scats  where  typhoid 
lever  was  endemic,  wa  challenged  by  ccbesa;  they  pointed 
out  that  in  auch  areas  up  to  20%  cc  :*»cteriotogica)ly 
confirmed  chronic  S  typhi  earrien  lacked  V>  i antibody  and  up 
to  20%  of  oormai  individuals  with  utgjuun  culruia  for 
5  typhi  had  pool  live  direct  bacterial  atfrmrinatirm  testa.4 
When  the diren bacterial sgjhirinarioa asnm uaod  iama 
screening  of  tmseieaed  popuhriooa,  lea  ria  2%  of  people 
with  positive  Vi  aerology  Soom:  by  intensive 

bacteriological  culturing  to  be  chrocnc  5  rpnm  camera. M 

Immanofogically  identical  Vi  antigen  wans  discovered  in 
other  Enurobooeriaceae,  including  ennharithia  eoK, 

Cifiviaatr,  tad  S  paratyphi  C  Crude  or  pacaially  pur-fied  Vi 

antigen  peepared  from  5  typhi  Vi  1,  £  nan-  or  Citrobatur 
species  era  adsorbed  to  human  pan-  O  or  sheep 
erythrocytes  for  a  passive  haetnagghjrrsmmwi  assay.  This 
assay  had  grater  sensitivity  than  the  jarect  bacterial 
agglutination  teat’  but  the  high  false-poscrvrrrate  penitied.* 
In  1972  Wong  and  Feeley’  described  a  c — (nod  to  prepare 
highly  purified  Vi  antigen.  They  and  ihar  saeeag ues*-’  used 


We 

S  typhi  on  Mnf  1  ar  mere  yaws  due  a 
rwaffnauf  epiodi  of  typhoid  fcm."  Snot  than  is  a  high 
prmlaaoe  aOahary  cvriago  PCS  typhi  smang  Chtaa  r— " 
wt  shuufcd  frees  mescal  rooordb  ef  the  lnf« 

Hopiai,  Saam  wamm  39  years  wd 

S-  -  — ■  — :  —I (— as— M  — -  .  j  — —  n.  1 *  a  — —  t  —  a — —  — — f— — .8-^  4Huaa 

BWwlMpB^vMrnBBQTyyBBiltm  1  * %  joTl  pfsTIWmy.  wi 

laffiag  than  of  the  poadhOey  af  danr  being  chronic  J  typhi 
f  ismdng  then  to  coaoe  a»  the  Fobfic  Hcahh  laarieeci  fiw 
Jtaoweaaleourkrst 


Bactaialapadevi<aonoLUuaaadafaaoalcnltn«eMmhaf> 
uaascutiwmysaadooeiluuhBal  ftadmhatv.Tha  aaewanwera 
eia i  lined  nample  a  fresh  stool  eruh  a  wtrQe  rveh,  inaodstt  it 
ieaa  Cary  thm  tnaapore  nad/on**  aod  to  bring  the  mipietn  the 
haotrielofy  taborsiary  wiihia  34  h.  Sampha  of  Asodmal  fluid 
containing  Me  owe  obtained  by  two  of  a  gdacia-mospmbiM 
suing  device  fEauroTest*.  H  ideas)  ingaud  by  the  mbria  under 
tupemML*4  Seools  tod  Mi  wind  duodenal  floidi  were 
jpBrohndaaa»MacCankry.  Wihaa-Bleir.mdfehMMrtiiSfcgefli 
sgar,  and  oaosehniit  F  broth.  S  typhi  wea  ideorifiod  by  i  J  * 
aad  Mreiogial  nsi«esn  A 
imbieci. 


Tf  aim  abeoaed  eno  wrnplcs  frm  29  petima  ofbaeh  saes, 
iged  18  er  sets,  ednened  to  the  I often***  Doom  Hospital  with 
becicrioiopadr  confirmed  typhoid  freer  and  front  59  healthy 
subiecn  of  bad  sens,  sged  16-46,  who  bad  oo  bocteriologicsl 
invewip-uou. 


Scran  aafrodus  were  3m uad  by  the 

bacoulnssmm  map  method  of  Noun  a  «P  with  highly 
purified  Vi  aaegm  preparof  from  Canta.ur  fnmmSi  by  i 
soadifiemoa  ef  Wong  and  Fairy's  lerhfu^vie1  (provided  by  J.  B. 
Rabbit*,  Dirima  afBacurial  Products,  National  Center  for  Drop 
and  Btolopcs.VS.AV  Sen»=  sashes  were  fint  allowol  .o  reset  with 
uascnsi'.ised  tfreip  ryrhrocytes  to  sbwrb  eno-sheep-cetl 
intibexirs.'*  Csaraldeiyewrtated  sh=?  erythrccyta1’  were 
itmilisad  enih  highly  purified  Vi  anuga(IOugfinl).  Serial  twofold 
dihoon  of  swm  from  1/20  to  1/2560,  em  added  n 

equal  tettaoBi  of  stasitried  aad  aon  lentttnfd  cells.  The 
tghoaaMa  yaacras  were  read  after  2  h  iocobeooo  m  room 
temprrtrore  ads pis  tfia  incuhatwa  owmight  st  4*C  Turn 
were  mrid  as  the  reciprocal  final  dduaoa  shewing  a  positive 
baenMShnbam  leash.  Know*  podtree  aid  oegat  rve  control  sera 
ware  assayed  wifr  each  test.  Srudent'ir  sad  chsoquartd  tests  were 
used  far  sariodal  anslyta. 


RESULTS 

Of  the  36  chronic  carriers  (3  known  and  33  detected  by 
bacteriologral  ereeniag),  27  (75%)  had  Vi  tit  res  of  >160  (ice 
tabic),  whereas  only  5%  of  the  3SS  oon-anier  women 
(p<0-00 1)  and  J%  of  59  healthy  aubjecta  who  had  no 
bacteriological  saeenir.g  (p<0-001)  had  litres  ^160  The 


442 


mvAUKCI  OF  V.  AVTIAODY  IN  CHH0N1C  JTYFHI  CAIIIDkt. 
aciti  rmioio  nvr*  faticntj.  and  hlaatht  si-tirm 
W  SANTIAGO.  CM  I  LI 


frequency  of  titm  >160  ia  patients  with  acute  rypbatd  few 
(38%)  vat  abe  significantly  lower  thaw  that  »  chronic 
.  carriers  (p<0-005X  The  gaamemc  mean  out  ia  the  chronic 
carriers  wa»  significantly  (p<0 •  00 1 )  high*  than  that  io  any  of 
the  other  troops  (tabkjk 

The  sensitivity  and  spwafidry  of  ok*  Vi  antibody  tin*  ai  a 
cot-off  point  in  screening  for  chronic  5  typJu  carriais  was 
determined  with  the  388  adturwoegacri*  women  m  negative 
cBotroia  (fi|  IX  With  a  Vi  antibody  due  of  >1(0  aken  aa 
positive,  the  passive  haemagghitination  tasty  with  highly 
purified  Vi  antigen  had  75%  sensitivity  and  at  last  92% 
specificity. 

The  predictive  value  of  each  Vi  antibody  title  n  cut-off 
point  in  screening  for  chronic  carriers  (defined  ss  the 
percentage  of  subjects  with  positive  Vi  serology  who  will  be 
confirmed  as  chronic  5  rypJa  carriers1*)  was  determined  ia 
population  with  different  carrier  prevalence  rata  (Gg  2X 
When  vie  used  the  388  culture-negative  women  with  history 
of  confirmed  typhoid  fever  as  the  negative  controls,  the 
spcdfidry  of  a  Vi  antibody  tit  re  >180  was  92%.  Thus,  in 
Santiago  the  predictive  value  of  this  due  is  8%  ia  tl«  general 
aduh  population,  1 6%  ia  women  40  yean  and  older,  and  37  % 
in  women  25  yours  and  older  with  history  of  confirmed 
typhoid  fever  (fig  2AX  However,  the  59  healthy  Chileans 
(who  were  not  srodied  bacteriologjadly)  may  he  more 
representative  of  the  general  population  in  Santiago;  when 
they  were  used  sa  the  negative  controls,  the  specificity  of  a  Vi 
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Fi(  l-Stuiiinty  nT  ipwilMty  «r  nrim  reciprocal  VI  uiitoey 
0«rc»  at  cot-off  pouu  ia  ccrocoioa  fee  cSmic  5  <yp*i  carricn. 
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antibody  litre  >160  tote  to  97%  and  the  predictive  value  rote 
from  6%  to  t7%  in  tht  general  adult  population  and  (torn 
16%  to  3 1%  in  women  40  years  and  alder  (fig  2BX 

DISCUSSION 

3-5%  of  patients  with  typhoid  firm  become  chronic 
carriers  sod  the  carrier  state  persists  throughem  Sfa.1**" 
Since  man  is  the  only  natural  hoar  and  resarvoir  stStypAi," 
the  deration  of  chronic  carries  is  maenad  for  the  nmtmlaf 
typhoid  fever.  The  use  of  bacteeiotogiai  cukmm  lor  the 
detection  of  chronic  5  typAi  carriers  ie  limited  by  ctpeam, 

bare  rnmTninmi  n  cretioo  nf  T  ijp  li'ee  repeated  tab—  era 
necessary. 11  Soma  reports  of  the  ponmrgical  tpwrmr.nl  of 
chrooicJophr  carrier*  have  bmaeuamaging,liu>mtht  me 
of  Vi  mratofy  »  screen  for  carrias  In  refected  higbvwk 
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groups  in  an  endemic  area  may  be  justified  m  part  of  a 
programme  to  control  typhoid  fever. 

The  main  reason  for  the  oooffsaiot  reports  of  the 
naefuinea  of  Vi  serology  in  the  detecrioo  of  chronic  5  lypAi 
earners  is  the  differing  ourity  of  the  Vi  antigen.  The  original 
studies  with  direct  bacterial  agglutination1-1  used  an  5  typAi 
Brain  rich  in  Vi  a  antigen.  This  strain,  however,  aho 
contained  somatic  O  and  flagellar  H  antigens  so  the  sera  had 
to  be  pteafaaorbed  with  a  Vi-negative  S  typAi  main.  The 
isoiarioa  oTS  typAi  strain  Vi  !,**  which  wva  rich  ia  Vi  antigen 
hut  slmoB  without- O  sod  H  antigens,  timpfifiad  direct 
bacterial  agghttitmioa.  However,  both  the  direct  bacterial 
agglutination  test  and  the  passive  hacmagghaiaation  assay 
with  crude1*  or  partially  purified  Vi  antigen**1*  have  a  high 
£»lse-po*irive  rate  in  the  general  population,  especially  where 
typhoid  fever  is  endemic,  apparently  because  of  croaa- 
reaenvity  with  other  antigens  in  these  antigen  preparations.  '* 
The  tick  of  spedfidty  b*4  been  the  reason  for  the  lam  of 
confidence  in  Vi  serofogy  since  the  tare  1950s. 

The  development  of  a  method  to  produce  highly  purified 
Vi  antigen’  was  important,  since  it  provided  an  antigen  that 
improved  the  specificity  of  the  technologically  simple  passive 
haemaggiurinaiion  assay  V"*  A  preliminary  report” 
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KBflid  that  the  pauivr  haems  gglurinanoo  assay  with 
highly  purified  Vi  Aniigen  had  no  l relief  sensitivity  or 
specificity  thin  direa  had  era)  agglutination  and  more 
claborste  technique*,  Mich  aa  fluorescent  Vi  antibody 
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oouriitr-UBamnoekctrophnmu,  or  sobd-pham 
i  advocated.  Mowtp,  them 
t  sophisticated  tachnigum  require  apatite  equipment 
tad  their  vac  in  lew  dinfcipiil  cmuxriar  where  typ6o*d  fever 

■  endemic  m  fiantad. 

The  practical  appSaam  at  the  ample  pmarve 
k»c— ghttiaaoaa  tmaj  wwh  highly  purified  Vi  antigen  in 
demetiog  chronic.?  typki< carrian  ia  aa  eodemic  ana  depends 
am  only  aa  the  amfahfry  wed  spoaftrit,-  af  the  dot  aaad  aa 
cvt-efTbw  aba  aa  io  pndfcxm  value. M  Sine*  the  prediciivo 
value  of  each  here  cne-offis  pmaat  ia  pepulmioat  with  higher 
chranicSrypfc  ourim  raw,  joining  higfank  grawpe  of  the 
popadnoa  will  bt  jatiSaUt 
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IiMuiry  An  epidemic  of  eehovim  It  ic/ectiom 
•ccurred  ia  the  Ciahndg  c  speeial<MY  Ubf 
unit  dunng  Aujuu  to  Onabcr,  JS82.  There  amt  21 
confirmed  infeoiott  ia  bebies;  1  died,  1  recovered  after 
ttatcoamal  a  bdney,  3  had  men'ingiri^  end  <  bed  retpiruory 
eymptomi  NornaJ  humau  iamauBgiobufia  erhidi  cou- 
ained  amibody  to  acboetrue  II  ana  adminjuered 
iaoCTUi cularty  (230  mg)  to  ptv  proeectioo.  None  of  the 
cbildrta  given  isaauaoglcbulia  immadisteiy  after  delivery 
(203  daacs)  developed  lympw  er  Qt-efleoA  Scraioficd 
audio  m&for  cod  orlieTeTideocr  far  the  protective  an  km  of. 
•nobody,  tod  it  is  considered  that  imrauDOfiobufia  is  a 
valuable  safeguard  for  exposed  newborn  in  (ana. 


INTRODUCTION 

THE  fint  desenpdoo  of  rehrmrus  1 1  in  I939ms(bBo«ed 
by  several  repom  of  infections  in  awboca  infanu*'*  but  we 
found  only  one  report  of  a  death  ia  a  child  under  1  year.*  In 
1977  the  potential  teriouaness  of  edamrus  II  infection  was 
shown  by  an  outbreak  in  the  Cambridge  vpecial-cire  beby 
unit,  in  which  3  of  9  infected  in  fates  died.’  This  outbreak 
heralded  a  widespread  epidemic  in  Engiaod  and  Wales  with 
1 49$  infections  recorded  in  patients  of  all  ages  in  1978,  nearly 
double  the  89$  recorded  in  the  previews  10  yean.*  Infection 
spread  to  countries  ofbctb  beta  upborn’*  and  included  cases 
in  oewbora  infants  in  several  nurseries  in  the  UK*  (and 
unpublished  observations  by  E  W.  Colley  and  by  D-  B. 
Weldon  sad  ].  Nagington)  and  fatal  mfections  in  the  USA.1* 

A  retrospective  study  of  deaths  in  child  tea  in  England  and 
Wales  during  1968  tol  978*  showed  that  at  least  1 2  io  babies 
who  died  aged  5-1 !  days  were  caused  by  ecbovirus  1 1.  All 
died  wuhrn  24-48  h  of  the  enact  of  signs  with  'o 
overwhelming  virus  infection  characterised  by  disseminated 
intravascular  coagulation  and  hataanrrhage  into  organs, 
especially  the  renal  .  tedulla  and  adrenal  glands.  A  second 
group  of  12  died  vged  between  9  weeks  atid  4  years  10  months 
with  less  dearly  definable  symptoms,  mainly  respiratory;  six 
of  these  were  recorded  as  cot  deaths. 

The  techniques  that  now  permit  premature  infants  to  be 
successfully  cared  farm  special-are  baby  unit!  lave  created 
groups  of  children  susceptible  to  serious  epidemic  infection 
from  enteroviruses  such  as  ecbovirus  1 1 .  If,  as  seems  likely, 
the  introduction  of  such  infections  cannot  be  prevented,  there 
is  a  pressing  need  :o  protea  the  infants  from  the 
consequences.  We  now-  report  an  eehovirus  1 1  outbreak,  of 
much  greater  ester.:  than  the  1977  outbreak,  in  which  normal 
human  immunoglobulin  was  used  to  protea  the  babies  and  to 
enable  the  wand  to  carry  on  with  the  minimum  of  disrupt  ion. 
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Abstract 


An  aney  linked  iwajnosorban t  aaaey  (1 UA)  snesuilng  sen*  IgS*  igi# 
and  IgA  antibodiss  to  Vi  polysaccharide  antigen  that  had  baao 

tynaiadad  to  increase  its  **»-**"?  sffidwy  to  aicrotitar  platan  (Vi-9fr) 
use  cagatad  to  tha  standard  passive  h— yjl  it  1  nation  assay  (P3K)  as  a 
■  taninj  taat  far  Salsonella  tnhi  carrier*.  Initially#  thraa 

populations  mxm  evslasbadi  22  K“*1*‘*y  0«S<  adults#  17  young  Q»Umb  adults 
with  scats  typhoid  favor,  and  5L  CM  loans  tho  bad  bactariologLcally  orrflnaad 
ft.  twM  chronic  car  r lags,  igs  spadfic  VHjr  aatibodlas  oars  preferentially 
praasnt  in  tha  8.  tvrfal  dirade  carrier  stats.  44/51  (81%)  chronic  carriers, 
0/22  (0%)  healthy  O.S.  adults#  and  2/17  (12%)  Chileans  with  acuta  typhoid 
few  tad  reciprocal  sens  ig;  Vi-Tyr  HJSA  antibody  titan  >  200.  Tbs  l<p 
Vi-Tyr  HJ9t  was  then  cuyatsd  to  the  HA  an  a  screening  test  for  chronic 
carriers  in  141  Chilean  ft  sals  foodhandlars.  One  ucean  see  serologically 
incriminated  an  a  carrier  by  both  the  IgC  HJSA  and  PSA;  bar  oopmcul  tores 
were  positive  for  S.  typhi.  One  other  ocean#  identified  as  a  carrier  by  1HA 
was  captive  by  culture  and  ZgS  HJSA.  The  l<fi  Vi-Tyr  ELISA  is  as  sensitive  as 
the  ISA  (86%  vs  76%)  and  as  specific  (95%  vs  95%)  in  screening  for  chrcnic 
carriers. 


Asynptonatic  excretion  of  Salmonella  typii  in  stools  for  greater  than  one 
year  following  an  episode  of  acute  typhoid  fever  occurs  in  appmxl—trly  three 
percent  of  adults  (9).  These  asyaptaeetic  chronic  biliary  carriers  represent 
an  iaportant  reservoir  of  S.  typhi  and  have  been  remans ible  far  enthrals  of 
acute  tyjhoid  fc«r  (13) .  Detection  of  carriers,  therefore,  beooses  an 
iaportant  aspect  of  typhoid  fser  control.  Bacteriological  confine  tine  of 
the  chronic  carrier  state  requires  either  ailtiple  stool  cultures  car  cnltnres 
of  bile  or  bile-stained  duod— al  fluid.  These  procedures  are  not  — snahls  to 
large  scale  acresning  (10,7,4).  In  addition,  bee— e  chronic  biliary  carriers 
are  oft—  intend ttant  or  li^st  fiscal  £.  typhi  eaeretsrs,  — Ittpla 
bacteriological  — inatio—  are  ueually  —paired  to  reliably  aake  the 
diagnosis  (10,6,3) .  foe  the—  resaons,  serologic  er  rwnlig  Cor  the  carrier 
state  of  Salmonella  typhi  in  are—  of  typhoid  endeaidty  is  preferable. 

The  passive  he— gglutinaticn  assay  (PER),  using  Vi  antigen  fir— 
Cttrchactar  freundii  or  S.  typhi,  fa—  be—  food  to  be  both  sensitive  and 
specific  for  the  screening  of  the  chronic  carrier  state  of  S.  typhi  in  end— ic 
and  ncn  endeaic  arn—  (8,1 1).  Ho— r,  this  assay  requires  test  se»e  to  he 
pre-abaotbed  with  sheep  erythrocytes,  thich  is  incoovenient  in  Hrreemnrj  large 
populations.  Attaqpts  at  using  an  eisya  linked  imam osorbent  assay  (ELISA) 
for  the  detection  of  the  carrier  state  have  be—  haapered  by  the  poor  binding 
of  the  Vi  antigen  to  aicrotiter  plat—.  Saae  researchers,  using  iaaune  se¬ 
as  the  capture  reagent  for  the  Vi  antigen,  have  bad  so—  aucoe—  in  detecting 
specific  igs  antibodies  (8,11) .  However,  large  —cunts  of  a  standi  i  iaeune 
sen  are  needed  and  — y  act  he  readily  available. 

Highly  purified  Vi  polysaccharide  free  Citrobacter  fr—ndii  we 
tyranimted  (Vi-Tyr)  in  an  attempt  to  enhance  binding  of  the  polysaccharide  to 
plastic  microtiter  plat—  (12).  This  Vi-Tyr  was  then  used  in  the  develof— nt 


of  an  ELISA  which  was  ocnparcd  to  the  passive  heaggLuti.ru tier  assay  (PSA)  as 
a  screening  Last  for  typhoid  carriers  in  a  typhoid  errimic  are*.  The  ELISA 
was  atptri  to  mmm  the  relative  occurrence  of  I<£,  IgA,  and  IgA  Vi  specific 
antibodies  in  the  carrier  state. 


Subjects,  lb  standardise  the  Vl-*yr  11JSV*  3  groups  of  subjects  ware 
a— ieedi  22  healthy  young  adults  fraa  the  tMtaad  States,  17  young  Chilean 
adults  adeittsd  to  the  Infectious  Dieeseae  Hospital  in  Santiago  with 
bactariologicmlly  oarflned  acute  typhoid  ft  ear,  and  SI  asyept— tic  S.  typhi 
carriers  free  Chile.  These  chronic  carriers  had  bacteriological  ]y  oenfirnad 
typhoid  fever  1-4  years  previously  and,  at  the  ties  of  the  study,  had  S.  typhi 
isolated  bacteriological  ly. 

Once  a  aerua  dilution  for  errernlng  carriers  was  determined  using  these 
known  populations,  141  Chilean  f ovale  foodhendLers,  age  25-65  years,  were 
screened  blindly  far  S.  typhi  chronic  carriage  using  the  Vi-Tyr  ELISA  and  fflA. 
S.  typhi  carriage  in  this  group  was  oonf  imed  by  ccprocultvcs. 

Specimens.  Gne  sense  vple  was  obtained  fro  each  subject  in  all  groups 
except  for  the  subjects  with  acute  typhoid  fever  who  had  sera  obtained  upon 
hospital  admission  and  21  da ye  later.  Those  subjects  with  acute  typhoid  fever 
and  those  with  chronic  S.  typhi  carriage  had  bacterinlcgic  evaluation 
consisting  of  three  stool  cultures  ******** a  cn  ocnaeoutive  days  and  one 
duodenal  fluid  culture  obtained  by  a  gelatin  encapsulated  string  device  (1). 
TWo  coprocultures  were  obtained  on  successive  <hys  ferae  the  healthy  feeale 
foodhandlers  to  confirs  S.  typhi  carriage.  All  «  were 


inoculated  onto 


MacCcrvkey,  Wilaon-ELai r ,  and  Salaonella-Onigella  agar,  And  into  Selenite 
broth.  S.  typhi  was  recovered  and  identified  by  standard  biochemical  and 
serological  reactions  (4). 

Tyramination  of  the  Vi  antigen*  The  tyramination  of  the  Vi  polysaccharide 
has  been  previously  described  (12).  Briefly,  tyr amine  (30  ag/al)  ms  added  to 
10  eg  Vi  in  the  presence  of  carbodiieide  and  incubated  at  pi  4.9  -5.1  for  3 
hours.  The  resultant  reaction  mixture  mb  dialysed  and  purified  by  gel 
exclusion  through  a  G-100  Sephadex  oolimn  (Rwanda,  Piacatausy,  KJ). 

Stap«fcrdl«atlcn  at  the  Vi-Tyr  EJSA.  Sera  fits  16  known  chronic  typhoid 
carriers  and  fro*  6  healthy  O.S.  volunteers  were  used  as  the  positive  and 
negative  reference  sera,  respectively,  to  establish  a  standard  cutse  fa  each 
isotype  specific  Vi-Tyr  ELISA.  These  maples  were  assayed  twelve  different 
tines  at  two-fold  dilutions  starting  at  1:25  and  coding  at  1:3200  by  the 
following  netbod: 

The  wells  of  Iasulon  I  (Dynatech,  Alexandria,  plates  were  incubated  at  4'C 
overnight  with  0.1  ml  aliquots  of  Vi-Tyr  antigen  in  phosphate  buffered  saline 
(PBS),  pB  7.3.  The  wells  were  washed  5  tines  with  MS  containing  0.05%  TWeen 
20  (PES-TVeen)  and  then  incubated  at  37 'C  for  1  hour  with  0.1  ml  of  tunen 
serue  diluted  in  FBS-Tween  containing  1%  ncs-isrxne  goat  servm  and  It  fetal 
bovine  serum.  Cm  wells  were  then  washed  5  tines  with  HE  Tween  and  incubated 
for  1  hour  at  37 *C  with  heavy  chain  specific  antibody  to  timsn  imanogldhulin 
G,  M,  and  A  conjugated  to  phosphatase  (Xirkegaard  and  Perry, 

Gaithersberg,  Nd. )  diluted  in  ITS  TWeen.  After  weeing,  the  wells  were  ' 
incubated  at  roan  temperature  with  0.1  al  of  p-oiticphcnyl  phosphate  (Img/al) 
in  10%  diethanolamine  buffer  (pB  9.8).  Absorbanoe  was  eonitored  at  405m. 
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Saturation  kinetics  using  several  high  FSA  titered  sens  saqples  were 
determined  using  Vi-Tyr  mating  concontxrtkns  of  0.5,  1.0,  and  2.0  ug/el. 

The  specificity  of  the  goat  antibody  oonju^tes  were  erarined  with  purified 
IgG,  l<fi  sens  fractions  and  silk  IgA  obtained  by  filtration  thraurji  a  HU 
Biogal-A  (Hened  i)  colimn. 

9»  m  wes  perfbcsed  for  each  subject  in  eadt  group  by  eethods 
previously  described  (6) .  A  titer  of  >  150  we  considered  to  be  indicative  of 
the  S.  typhi  carrier  state. 


Assay  Standardisation.  Ihe  abeorbance  (A)  of  the  pooled  positive  aerue  wae 
determined  as  a  function  of  the  tyraeinated  Vi  antigen  coating  concent  ration. 
Saturation  kinetics  were  observed  and  a  coating  concentration  of  1  ug/fcl  was 
chosen.  The  pooled  IgG  fraction  contained  1450  ag/dl  IgG  and  less  than  1 
ag/dl  XgN.  ihe  pooled  Xcpt  fraction  cnntainrf  140  ag/21  igN  and  less  than  1 
ng/dl  IgG.  Ihe  IgA  sample  contained  35.S  ag/dl  IgA  with  less  than  1  ag/al 
IgG  and  IgN.  ihe  conjugates  were  show  to  be  isotype  specific. 

A  standard  curve  for  IgG  specific  Vi  antibody  using  positive  sera  was 
linear  for  absorbance  (A)  values  ranging  fza  1.2  to  0.1  using  serum  anuHon* 
ranging  free  1:50  to  1:800  (figure  1).  Ihe  negative  serua  pool  gave  optical 
densities  (QJ>.)  below  0.1  for  dilutions  as  lew  as  1:25.  A  dilution  of  1:50 
of  the  negative  serua  pool  produced  a  mam  O-D.  of  0.04  with  a  standard 
deviation  (S.D. )  of  0.01.  Ihe  cut-off  absorbance  value  signifying  significant 
IgG  specific  Vi  antibody  was  set  at  an  O.D.  reading  of  0.2  since  this  value  is 
on  the  linear  portion  of  the  curve  and  well  above  background. 

Ihe  Igpl  standard  curve  for  Vi  antibody  «s  linear  far  A  values  ranging 


from  1.4  to  0.15  using  s^nn  dilutions  ranging  fras  1:25  to  1:400  (figure  not 
shown).  Because  of  high .  background  values  in  the  negative  serin  pool  for 


dilutions  than  1:1COO,  starting  dilutions  of  1:100  were  used  in  all 
saaples.  A  cut  off  of  (L.3  was  used  to  dctenaine  a  positive  antibody  titer 
since  the  absorbance  of  She  oegitive  eerue  pool*  at  a  1:100  dilation  was  0.07 
+  0.05.  Similarly,  an  I b$A  standard  curve  was  dete mined  as  being  linear  for  A 
values  ranging  from  0.9  an  0.14  using  sen*  dilutions  ranging  Cron  1:50  to 
1:400  (figure  not  shown)..  An  absorbance  of  0.15  was  conservatively  chases  as 
tbe  out-off  fbr  a  positive  antibody  titer  mince  the  pooled  negative  earn  at  a 
1:50  gpve  an  (US.  of  0.82  ♦  0.01. 

evaluation  of  the  Vl-Tyr  3USI  to  detect  S.  tvtal  carriers,  table  1  atom  the 
results  of  tbe  IgS  Vi-^rr  -specific  antibody  titers  in  individuals  with  acute 
typhoid  fever  and  S.  twpfaau  carriage,  and  a  healthy  population.  Of  the  SI 
chronic  carriers  tested,  444  (86%)  had  an  IgC  Vi-Tyr  nr.ia  titer  greater  tbaa 
or  iwyimi  to  1:200.  In  oonatrast,  only  12%  of  the  acute  tjpfaoid  patients  and 
none  of  the  healthy  O.S.  volunteers  bad  similar  titers  (p  <  0.00000001).  An 
Igft  specific  Vi  antibody  tixter  >100  vas  detected  An  19  (171)  of  chronic 
carriers  and  in  3  (18%)  aC patients  with  acute  typhoid  fever  (Xable  2).  The 
IgH  Vi-Tyr  HJSh  was  unahiee  to  discriminate  acute  typhoid  fever  patients  fxoa 
chronic  carriers  (p  =  0.2*,  and  did  not  increase  the  detection  sensitivity  of 
carriers  of  the  IgG  Vi-Tyr-  IELXSU  Although  Vi-Tyr  specific  Jgh  antibodies 
were  present  in  37  (72%)  a£  the  chronic  carriers,  they  also  were  detected  in 
patients  who  had  acute  typhoid  fever  (Table  3)  (p  =»  0.2).  HISA  Vi-Tyr 
antibodies  of  all  three  h— inngTrhn'Hn  corner  were  seen  with  equal  but  low 
frequency  in  the  admission  sand  follcw-qp  serin  samples  obtained  from  patients 
with  acute  typhoid  fever. 


To  assess  the  applicability  of  the  Itfi  Vi-Tyr  QJSA  in  a  typhoid  endemic 
area*  141  Chilean  feeal*  food  handlers  were  screened  by  the  ELISA,  rat,  and 
two  aoprocultuzes.  Of  these  141  wceen  tested,  one  had  an  IgS  ELISA  titer  > 

200  and  ho  wceen*  ore  of  tine  also  had  the  positive  ELISA  titer,  had  a  FHA 
titer  >  160  (table  1).  Of  thsae  ho  waean  serologically  Identified  as 
possible  carriers*  atly  the  one  wobmi  Who  was  positive  by  the  Vi-Tyr  IgS  ELISA 
see  confirmed  to  be  a  carrier  by  culture. 

Be  sensitivity  of  the  IgS  VI  USA  titar  of  >  200  in  screani ng  Cor 
chronic  S.  typhi  carriage  as  determined  by  analysing  the  results  *■**»« —*  with 
the  SI  known  chronic  carriers  is  06%  angered  to  76%  with  the  ISA  using  a 
titer  of  >  160.  the  specificity  of  the  IgS  specific  Vi-Tyr  ELISA  in  screening 
for  chronic  carriers  using  healthy  O.S.  volunteers  and  acuta  typhoid  fever 
patients  is  95%,  which  is  equal  to  that  obtained  by  using  the  ISA. 

ni<OTni<^ 


Since  sen  is  the  only  reservoir  of  S.  typbi,  the  detection  of  carriers  is 
necessary  for  control  of  typhoid  fever.  In  areas  of  typhoid  endeaidty, 
screening  for  chronic  typhoid  carriers  by  serological  aeens  is  of  practical 
importance  since  bacteriologic  screening  is  expensive  and  legist ically 
difficult  to  perform.  The  tyraeine  derivative  of  Vi  provides  sufficient 
banding  of  the  antigen  for  detection  of  Vi  specific  antibodies  by  ELBA.  In 
terse  of  rapidity  and  eaae  of  perfonenoe,  we  find  the  Ig5  specific  Vi-Tyr 
ELISA  to  be  superior  to  our  previously  reported  FHA  for  the  detection  of  S. 
typhi  carriers  (1,12). 

Analysis  cf  the  different  classes  of  antihody  involved  in  the  chronic 
carrier  state  has  shown  that  Vi  antihody  of  the  IgS  class  is  present  aost 


frequently.  IgH  and  IgA  Vi  antibodies,  although  seen  in  ctiroruc  carriers. 


cannot  be  used  to  differentiate  persons  vith  acute  or  chronic  S.  typhi 
infection.  It  is  probable  that  the  XgG  antibody  response  to  Vi  present  in 
oarriers  reflects  prolonged  lunuaologic  It  in  interesting  that  a 

serus  IgA  Vi  ruponw  is  prsasnt  in  both  the  acute  and  dbruaic  fcoeu  of  S. 


serus  IgA  Vi  response  is  prsasnt  in  both  the  acute  and  dbruaic  fcoeu  of  S. 
tvthi  infection.  This  seess  reasonable  since  S.  typhi  participates  in  an 
enterohepetic  circuit  in  the  pathogenesis  of  acute  typhoid  fever  and  also  is  a 


prieary  occupant  of  the  biliary  systeu  in  chronic  infect  Iran,  further  nk  on 
nihrliae  specificities  in  both  the  IgB  and  IgA  responses  to  Vi  antigw  in  the 
acute  and  chronic  Corse  of  S.  tnhi  infections  nay  help  rturidate  other 
ponsihle  lennnlogic  differences  in  these  two  disease  states. 


Refer 


1.  Avendano,  A.,  P.  Berrera,  X.  Bsrcvits,  E.  Ouarta,  I.  Pretzel,  C.  Lanata, 
C.,  and  M.M.  Levina.  1366.  Duodenal  string  cultures:  Practicality  and 
sensitivity  far  diagnosing  enteric  fmr  in  children.  J.  Inf.  Dis.  153: 
353-362. 

2.  Barrett,  TJ.,  PJL  Blake,  S.L.  Brown,  «.  Boffin,  J.  Matsu  Llort,  and  J. 
C.  ftalsy.  1983.  Buy  llnlrsd  i—acsorbant  assay  for  tbs  detection  of 
been  antibodies  to  Salannalla  tychl  VI  antigen.  J.  Clin.  Microbiol.  13: 
625-627. 


3.  Bckkenhsuser,  V.  1964.  Detection  of  typhoid  carriers.  54:  477-485. 

4.  Edwards,  P.JL  and  WJL  Bring,  eda.  1972.  file  genus  Sa  lamella.  Identifi¬ 
cation  of  Bfltercbactrrlacae.  3rd  edition.  Burgees  Wbliabing  CD.:  146-207. 


5.  Engleterg,  N.C.,  T.J.  Barrett,  H.  Fisher,  B.  ftjrter,  Z.  BUrtado,  and  JJt. 
Bughes.  1963.  Identification  of  a  carrier  by  using  Vi  enzyne-licked 
imuncaocbent  assay  serology  in  an  outbreak  of  typhoid  fever  an  an  Indian 
reservation.  J.  din.  Microbiol.  18:  1320-1322. 


6.  Peons  ter,  R.F.,  and  HJL.  fbith.  1945.  laboratory  criteria  of  the  cure  of 
typhoid  carriers.  As.  J.  ftihlic  Health  35:  368-372. 

7.  Gilnan,  RJB.,  H.  Is lan,  a.  Rabbani,  and  H.  Ghcsh.  1979.  Identification  of 
gallbladder  typhoid  carriers  by  a  string  device.  Lancet  ii: 79 5-796. 


€.  Lanata,  C.P.,  C.  Ristori,  L.  Jiaenez,  J.  Garcia,  K.M.  Levine,  RJL.  ZL  Blariuok 
M.  Salcedo,  and  V.  Sotmeyor.  1983.  Vi  aerology  in  detection  of  ctesnrcnic-r 


Salapnella  tvtfii  carriers  in  an  endeaic  area.  lancet  ii:  441-443. 

9.  Levine,  MJ(.,  R.Z.  Black,  C.  Ianata,  and  the  Chilean  typhoid  Ctaaittnttee.  ■ 
1982.  Precise  estivation  of  the  nates  of  duranic  carriers  of  Salat ■■mel.la. 
typhi  in  Santiago,  Chile,  an  endeaic  area.  J.  Inf.  DU.  146:724-726=25. 

10.  NerselU,  Jr.,  J.G.,  0.  Kaye,  C.S.  Connolly,  and  LR.  Bbck.  1964.  SbcSae 
typhoid  carrier  state;  quantitative  faecteriology  and  peel!  ninety 
obeervetlcna  cat  therapy.  Bat  Afr.  Nad.  J.  41;  219-227. 


11.  CJt.,  J.C.  Pteley ,  P.C.  Mute,  Jr.,  E.A.  Basbxe,  S.L.  Bros,  at,  aid 
K.B.  Nang.  1980.  Baluatioo  of  a  nee  assay  for  Vi  antibody  in  chccnoccnic 
carriers  of  Shlannelle  typhi.  J.  Clin.  Pathol.  36:  471-475. 

12.  Thcket,  C.O.,  C.  fSrreccio,  J.3.  Rcfcbim,  CJL  Tsai,  D.  Schuls,  ML 

A.  Qoudeau,  and  MLM.  Levine.  1986.  Safety  and  iaaunogenidLty  of  tao  .*  ~ 
SajaaneUa  typhi  Vi  cwpwiler  polysaccharide  vaccines.  J.  Inf.  DU.  1SI354: 
342-345. 


13.  tynes,  B.S.  and  Ots,  JJP.  1962.  factors  influencing  the  cure  of  ulaeeanrrni  n 
carriers.  Ann.  lot.  Ned.  57:  871-682. 


Pigure  1.  IgG  specific  antibody  respcnse  to  Vi-Tyr  antigen  in  pooled  sera  free 
16  ajaptmatic  Salarralla  tyyhi  carriers  as  Measured  by  ELISA.  Antibody 
results  are  represented  as  the  vean  (dots)  and  two  standard  deviations  (bus) 
compiled  froa  12  separate  rum. 
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SLHWOf 

An  oral  regimen  of  anocicillin  2.0  go  combined  with  probenecid  0.S  9a 
three  times  a  day  for  28  conaecutiw  days  tms  evaluated  in  the  treatment  of 
chronic  Salmonella  typhi  carriers  in  Santiago*  Chile.  Mild  (mostly 
gastrointestinal)  hut  tolerable  side  effects  oamnsnly  occurred  early  in  the 
therapy.  Fifteen  of  28  (58%)  treated  carriers  (including  three  with 
gallstones)  remained  cured  after  12  norths  of  bacteriological  followup;  all 
failures  became  evident  within  the  first  four  soothe  after  completing 
therapy,  lhe  eenaa  amoxicillin  blood  level  at  four  hours  post-dose  was  ^ 
significantly  higher  (19.50  +  2.90  nog/al)  in  the  cured  carriers  compared  with 
the  carriers  who  failed  (14.89  +  2.77  ecgM)  (p<0.01).  This  regimen  provides 
a  reasonable  alternative  to  cholecystectomy  in  selected  carriers.  However* 
the  cure  rate  of  58%  is  arguably  too  law  to  justify  systsnatic  use  in  typhoid 


fever  control 
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DOTcmncK 

Approximately  3%  of  patients  with  typhoid  fever  becas*  chronic 
grtlbladder  carriers  end  thereby  serve  is  s  reservoir  for  the  tranasission  of 
Salmonella  tychi  (Ames  *  Robins  1543,  Andersen  et  si.#  1536).  9m  csshi nation 
of  cholecyst sctxsay  snd  antibiotics  Is  largely  successful  in  eradicating  the 
carrier-stats  (humid)  4  Bakaai  1979#  Bert  ins  et  al.#  1966#  Wiitby  1964). 
Bouever#  because  this  regimen  is  invasive  and  expensive,  it  Is  not  a  practical 
public  health  tod.  Based  on  these  drawbacks#  investigators  have  stalled  the 
effectiveness  of  antibiotics  alone  in  eradicating  the  carrier  state#  using 
drugs  to  which  S.  tychi  are  susceptible  in  vivo.  Overall#  aedlcal  therapy 
alone  has  been  disappointing  and  success  has  generally  been  correlated  with 
the  presence  or  absence  of  gallstones  (Bullock  1963#  Dinbsr  et  al.#  1969#  Kaye 
et  al.#  1967,  Munich  et  al.#  1974#  Rolan  &  ttiite  1978,  Scioli  et  al.#  1972# 
Simon  *  Miller  1966,  Tynes  t  Otz  1962).  Nevertheless#  two  reports  have 
generated  cptindsn.  Scdoli  et  al  (1972)  successfully  treated  all  of  25 
chronic  S.  typhi  carriers  with  a  15  day  course  of  intravenous  anpicdllin, 
suggesting  that  hi#  cure  rates  are  achievable  if  sufficiently  high  serum  and 
biliary  levels  of  a  bactericidal  antibiotic  can  be  maintained. .  Because  of  the 
inpracticality  of  parenteral  therapy,  regimens  are  Wing  saj#t  to  achieve 
this  with  an  oral  antibiotic.  Amoxicillin#  a  congener  of  acpicLllin  which 
gives  two  to  three-fold  greater  blood  levels  after  oral  dosing  and  is 
concentrated  in  bile,  was  considered  an  attractive  drug  to  be  evaluated  in 
treatment  of  the  S,  typni  carrier  state  (Kosaidis  et  al.,  1972#  Vfeki  et  al., 
1977).  ttolan  &  ttiite  (1978)  treated  15  carriers  with  arncacicillin.  6.0 
grn/day.  Of  10  carriers  who  completed  this  28  day  regimen,  nine  were  cured# 
including  three  with  gall  bladder  disease.  The  remaining  five  carriers  had 
their  amoxicillin  dose  reduced  to  3.0  go/day  because  of  qastrointestinal 
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intolerance;  of  these,  only  two  were  cured. 

Based  cn  this  background,  we  conducted  a  clinical  trial  in  Santiago, 
Chile,  where  typhoid  fever  is  hi^ily  endenic  and  the  prevalence  of  chrcnic 
carriers  and  cholelithiasis  is  high  (Levine  et  al.,  IS 82),  to  evaluate  an  oral 
antibiotic  regimen  that  mi£it  cure  S.  typhl  carriers  without  surgery, 
regardless  of  the  presence  of  gallstones.  In  this  trial,  aoacicillin  was 
combined  with  probenecid  to  increase  and  prolong  the  asradcillin  blood  levels. 

WOT gag  JW>  «3HXS 
Subjects  *“ 

Twenty-3 ix  bacteriologically*-cor£iraed  chronic  S.  typhi  carriers  who  were 
free  of  any  debilitating  disease,  did  not  have  history  of  penicillin  allergy, 
gastrointestinal  or  renal  disease  and  were  not  pregnant  or  lactating  women 
were  enrolled  into  the  study  (Ianata  et  al.,  1983).  These  included  22  persons 
who  were  known  carriers  for  at  least  12  norths,  two  for  nine  months,  and  two 
who  were  carriers  for  six  norths.  Written  informed  consent  was  obtained. 
Bacteriology 

All  participating  carriers  had  a  baseline  medical  evaluation.  Prior  to 
treatment  a  stool  culture  ai  each  of  three  consecutive  days  and  one 
duodenal-fluid  culture  were  obtained.  The  carriers  were  instructed  to 
inoculate  a  sample  of  fresh  stool  with  a  sterile  stab  into  Cary-Blair 
transport  medium  (Finegold  i  Martin  IS 82)  and  to  bring  the  saqole  into  the 
bacteriology  laboratory  of  the  Institute  of  Riblic  Health  within  24  tours. 
Samples  of  duodenal  fluid  containing  bile  were  obtained  by  means  of  a 
gelatin-encapsulated  string  device  ("Shtero-Ttest",  H.D.C.  Corporation, 

Mountain  View,  Ca.)  ingested  by  the  subject  under  supervision  (Giluan  et  al., 
1979,  Avendano  et  al.,  1986).  Stools  and  bile-stained  duodenal  fluids  were 
inoculated  onto  HacConkey,  Wilson- Blair,  and  Salmonella-Shigella  agar 
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directly,  as  well  as  after  18  tours  enrichment  in  selenite  P  broth.  S.  typhi 
was  identified  by  standard  techniques  {Edwards  &  Eurirg  1972). 

After  treatment,  three  consecutive  stool  cultures  and  one  duodenal-fluid 
culture  were  obtained  during  the  first  week  peat -treatment  and  at  the  1st, 

3rd,  6th,  9th  and  12th  month  post-treatment,  whenever  possible.  Carriers  with 
all  cultures  free  of  S.  typhl  for  12  or  sore  month*  after  casple ti an  of 
therapy  were  considered  cured. 

Treatment  ftegicen 

The  oraT  treatment  regimen  consisted  of  asmidllin  trihydrate,  2.0 
and  probenecid  0.5  g»  taken  three  times  each  day  for  28  days  by  the  patient  at 
home.  To  detect  aide  effects  and  evaluate  compliance,  each  carrier  was 
contacted  at  least  twice  a  week  by  telephone  or  by  home  visits.  A  diary  was 
provided  for  the  carriers  to  record  the  precise  times  when  they  took  their 
medication  and  the  appearance  of  any  side  effects.  The  mediation  was 
provided  in  single-dose  vials,  to  assure  ingestion  of  the  correct  nusber  of 
capsules.  A  spot  urine  sample  was  obtained  during  the  heme  visits  to  be 
subsequently  tested  for  amoxicillin  levels  as  an  indicator  of  compliance. 
Finally,  during  the  second  and  last  week  of  treatment,  a  serum  sample  was 
obtained  before  the  nnming  dose,  and  two,  three  and  four  tours  thereafter  for 
amoxicillin  blood  levels. 

Amoxicillin  Levels 

Sera  and  urine  samples  were  frown  at  -70  *C  and  transported  on  dry  Ice  to 
Baltimore.  Because  of  the  loss  of  one  box  of  specimens  during  transport, 
samples  were  available  from  only  20  carriers.  The  serum  and  urine  anoxicillin 
levels  were  determined  in  quadruplicate  on  a  gel-diffusicn  system  using  five 
known  standard  dilutions  in  each  plate  (Bennett  et  al.,  1966). 
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RESUUTS 

Twenty-six  carriers  (92*  women)  infected  with  amoxici II in-sensitive  S. 
tydhi  were  enrolled;  their  seen  age  was  34.6  years  (Table  1).  The  gallbladder 
status  was  known  in  15  carriers  (13  consented  to  have  cholacystograms):  none 
had  a  normal  gal  bladder;  eight  had  gallstones;  five  had  a  non-functioning 
gallbladder?  two  others  were  hepatic  biliary  tree  carriers  who  had  had 
cholecystectomies  four  and  12  months  earlier. 

Side  Effects 

1  1  ■■  ■■  — *  * 

Host  of  the  carriers  (86%)  had  mild  and  transient  adverse  reactions 

during  the  first  week  of  therapy  that  disappeared  without  interrupting  the 
antibiotic  treatment.  In  total,  13  (50%)  carriers  complained  of  mild 
epigastric  pain,  lasting  a  mean  of  2  days;  11  (42%)  experienced  nausea, 
enduring  a  mean  of  2.5  days;  seven  (27%)  had  diarrhoea,  persisting  for  a  mean 
of  5.4  days;  six  (23%)  had  a  diffuse  pruritic  rash,  lasting  a  mean  of  7.7 
days;  and  six  (23%)  had  other  symptoms.  TWo  carriers  developed  intense 
epigastric  pain  that  led  to  interruption  of  treatment.  Mien  the  same 
treatment  schedule  was  re-initiated  five  to  seven  days  afterwards  outlined 
.with  antiacids,  mild  epigastric  discomfort  recurred  in  one  wcmen  which  lasted 
four  days. 

The  unscheduled  home  visits  deicnstrated  a  high  degree  of  compliance.  Cn 
each  visit  each  carrier  had  the  correct  timber  of  unused  individual  doses.  Of 
the  urine  sanples  available  for  testing  fraa  20  carriers,  multiple  samples 
tested  from  15  carriers  had  a  high  urinary  level  of  amocicillih;  the  remaining 
carrier  had  cne  of  five  urines  negative  for  the  drug. 

Bacteriological  Re,sponse  to  Therapy 

After  a  period  of  12  or  more  months  of  follow-up,  15  of  the  26  carriers 
(581)  persisted  with  negative  cultures  for  S.  typhi  and  were  considered  cured 
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(Table  1).  Notably,  this  gtotp>  included  the  two  intrahepatic  biliary  S. 
typhj  carriers  (Mcfaddzean  1964).  Three  (38%)  of  the  ei^it  carrier*  known  to 
have  gallstones  and  one  (20%)  of  the  five  who  had  a  nce-functicning 
gallbladder  were  cured.  When  the  probability  of  cure  was  observed  by  wcnth 
post-treatment,  it  became  stable  after  the  4th  north  (figure  1).  Kb  failures 
occurred  after  that  period. 

Various  parameters  were  analysed  to  compare  the  carriers  %to  failed  with 

those  t*»  were  cured.  No  differences  were  found  with  respect  to  age  or 

0  _ 

duration  of  carriage  prior  to  therapy  (Table  1).  furthermore,  the  proportion 
of  carriers  who  developed  side  effects  wee  similar  between  the  two  grape. 

One  objective  difference  between  the  groups  was  found  in  the  sen* 
amoxicillin  levels  of  the  20  carriers  these  specimens  were  available  for 
testing. .  Tiiere  were  no  differences  in  the  Benin  amoxicillin  levels  between 
the  12  cured  and  eight  failed  carriers  at  baselin  (overnight  level),  or  two 
and  three  hours  after  the  eoming  dose  (figure  2).  ttwever,  the  mean  sen* 
arocxicillin  level  at  four  hours  after  the  morning  dose  in  the  12  tested 
carriers  who  were  cured  (19.50  +  2.9  mog/al)  was  significantly  higher  than  the 
oean  level  among  the  eight  tested  carriers  who  failed  (14.69  +  2.77)  (p<0.01. 
Student's  t  test)  (Figure  2). 

DI9C0SSICN 

After  28  days  of  6.0  gn  of  amadcillin  cento  ined  with  1.5  gm  of  probenecid 
daily,  we  successfully  eradicated  S.  typhi  in  15  (58%)  of  26  chronic  carriers 

were  highly  compliant  in  taking  their  medication.  Ocr  results  are 
scraetbat  in  contrast  with  those  of  Nolan  a  White  (1978)  ttoo  obtained  a  90% 
cure  rate  among  10  carriers  treated  for  the  same  period  of  time  with  the  sane 
amoxicillin  dosage  but  without  probenecid.  Because  of  the  snail  antoers 
involved,  the  difference  in  cure  rates  (nine  of  10  versus  15  of  26)  may  very 
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veil  be  due  to  chance  { p-0.11,  two-tailed  Fisher’s  Dcact  test).  However  -  the 
meet  likely  explanation  of  the  difference  in  results  is  the  prevalence  of 

9*11  bladder  disease  among  our  carriers.  All  13  carriers  in  cur  series  % ho 
had  oral  cholecystogracs  exhibited  cholelithiasis  or  a  ncR-fwcticning  gall 
bladder,  in  contrast  with  cnly  3  of  10  carriers  in  the  report  by  Nolan  t  Write 
(1978)  (p<0.005)  who  were  treated  with  the  sane  amoxicillin  regimen  but 
without  probenecid.  Others  have  noted  the  relationship  between  gallstones  and 
failure  rate  in  chronic  carriers  treated  with  antibiotics  (Bullodt  1963* 

Dinbax  ec  al  1969,  Tynee  t  Vtx  1962).  *** 

Nolan  t  White  (1978)  reported  a  significant] y  lower  sens  level  of 
amcxicillin  six  hours  after  the  last  treatment  dose  in  the  carriers  who  failed 
treatment.  Our  results  corroborate  the  importance  of  high  and  prolonged 
antibiotic  levels  in  achievement  of  cures:  a  significantly  lower  mean  serum 
amoxicillin  level  was  observed  at  rim  4th  hour  pcst-dose  among  the  carriers 
who  failed,  in  comparison  with  the  carriers  vto  were  cured  (Figure  2). 

we  conclude  that  2.0  go  of  amoxicillin  combined  with  0.5  go  of  probenecid 
given  three  times  a  day  for  28  days  has  a  definite  but  limited  role  in  the 
ambulatory,  non-surgical  treatment  of  chronic  S.  typhi  carriers.  In  providing 
a  >50%  cure  rate,  this  therapeutic  regimen  offers  to  the  sporadic  chronic 
carrier  a  moderate  chance  to  eradicate  the  carrier  state  without  resort  to 
surgery.  This  is  particularly  relevant  for  carriers  who,  because  of  other 
conditions,  are  deemed  unacceptable  surgical  risks.  In  contrast,  the  cure 
rate  of  58%  with  this  regimen  is  probably  insufficiently  high  to  justify  its 
use  as  a  major  caqjonenl  of  typhoid  fever  (control  prograns.  New  that  a 
practical  screening  test  is  available  to  identify  chronic  typhoid  carriers  in 
endemic  areas  (Lanata  et  al.,  1983),  an  important  intervend.cn  in  control 
programs  must  be  the  identification  and  treatment  of  carriers  in 
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epideiuologically  relevant  <jrccp6  such  45  focdvandlers.  Therefore,  the  search 
Bust  continue  to  identify  a  practical,  nan-surgical,  anbulatory  treatnent  for 
chronic  S.  typhi  carriers  that  achieves  >80%  cure  rate  without  causing  notable 
adverse  reactions. 
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Figure  1  -  It*  probability  of  cure  (+95%  ccnfidcno?  interval)  by  month 
post-treatment  among  26  chronic  Salmonella  typhi  carriers  in  Santiago,  Chile 
treated  with  amoxicillin  and  probenecid.  Cats  shown  as  a  Eaplan-heier  curve. 

Figure  2  -  Mean  serum  amoxicillin  levels  (+95%  confidence  Interval)  in  20 
chronic  Salmonella  typhi  carriers  after  ont  2.0  gn  oral  doee  of  prcbenecitC 
Data  arranged  according  to  carriers  six)  were  cured  (rell)  or  whs  failed  (rt=«) 
on  this  antibiotic  regimen. 
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The  Use  of  Moore  Swabs  for  Isolation  of  Salmonella  typhi  from 
Irrigation  Water  in  Santiago,  Chile 
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Lotted  Kingdom 


In  Chile,  a  country  with  an  exceedingly  high  incidence  of  typhoid,  untreated  sewage  is 
applied  directly  to  fields  where  salad  vegetables  are  cultivated.  Water  used  for  irrigation 
was  examined  for  the  presence  of  Salrr.oneHj  typhi,  by  making  use  of  the  sewer-swab 
technique.  S  typhi  was  isolated  in  8  (1 1  %)  of  76  irrigation  samples  examined  front  nonin¬ 
dustrial,  polluted  water.  This  supports  the  hypothesis  that  crops  grown  with  water  con¬ 
taminated  with  feces  are  important  vehicles  in  the  transmission  of  S  typhi  in  this  endemic 
area.  Since  sewage  treatment  plants  will  not  be  available  in  Santiago  in  the  near  future, 
emphasis  is  being  placed  on  devising  alternative  methods  of  irrigation  and  on  growing 
vegetables  that  are  cooked  before  being  eaten. 


Typhoid  fever  is  a  major  health  problem  in  San¬ 
tiago,  Chile  where  the  annual  incidence  has  ex¬ 
ceeded  150  cases  per  100,000  population  since 
1977,  with  most  cases  occurring  in  summer  [1], 
This  is  unexpected  because  Chile  has  demographic 
features  and  health  statistics  consistent  with  a 
technologically  advanced  society:  94%  of  homes 
have  bacteriologically  monitored,  chlorinated 
water,  and  75%  have  flush  toilets  [2],  However, 
human  waste  is  discharged  without  treatment  into 
the  local  river,  water  from  which  is  used  to  irrigate 
farmland  during  the  dry  summer  months.  Crops 
such  as  lettuce,  cabbage,  and  celery  grown  with 
sewage-contaminated  water  may  play  an  impor¬ 
tant  role  as  vehicles  of  S  typhi  when  they  are  con¬ 
sumed  raw  by  residents  of  Santiago. 

Multiple  bacteriologic  examinations  of  irriga¬ 
tion  water  in  Santiago  have  demonstrated  high 
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fecal  coliform  counts  and  many  other  Salmonella, 
but  no  S  typhi  [3, 4],  Although  the  microbiological 
methods  used  in  previous  attempts  were  appro¬ 
priate,  optimal  sampling  and  concentrating  tech¬ 
niques  were  not  used.  The  Moore  swab,  described 
in  England  in  1948  [5],  is  a  concentrating  method 
that  has  been  used  successfully  to  locate  chronic 
S  typhi  carriers  by  isolating  the  organism  from 
sewage  effluents  [6, 7J.  Its  main  use  has  been  in  the 
investigation  of  urban  typhoid  fever  outbreaks  [8, 
9J ,  and  its  efficacy  and  reliability  in  endemic  areas 
are  unknown.  We  used  a  modified  Moore  swab  to 
isolate  5  typhi  from  environmental  sources  in 
Santiago. 

Materials  and  Methods 

Microbiological  examination  of  rivers  and  i'riga- 
rion  canals  of  Santiago,  Chile  was  carried  out  from 
January  to  March,  1983.  The  two  major  water¬ 
ways  in  Santiago  that  carry  wastewater  arc  the 
Mapocho  River  in  the  north  and  Zanjon  de  la 
Aguada  canal  in  the  south  (figure  1).  Untreated 
sewage  flows  directly  into  these  waters,  which  are 
used  for  irrigation  in  the  agricultural  districts  of 
Maipu  and  Pudahud  (on  the  perimeter  of  the  city). 
The  Zanjon  de  la  Aguada,  which  is  heavily  con¬ 
taminated  with  industrial  waste  from  the  central 
section  of  the  city,  receives  untreated  sewage  and 
becomes  polluted  with  feces  as  it  flows  westward. 
In  the  final  few  kilometers  before  it  reaches  the 
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Figure  1.  Irrigation  system  of 
Sar.:iago,  Chile  and  surrounding 
farmlands. 


agricultural  areas,  no  further  sewage  is  discharged, 
in  an  attempt  to  allow  a  degree  o.r  self-purification 
of  the  wastewater.  Moore  swabs  were  prepared  by 
wrapping  cotton  gauze,  15  cm  wide  by  120  cm 
long,  around  wire.  The  swabs  were  tied  to  nylon 
cord,  and  suspended  in  the  flowing  water  of  the 
Zanjon  de  la  Aguada,  Mapocho  River,  and  th**:. 
tributaries.  Swabs  were  also  placed  directly  into  ir¬ 
rigation  canals  of  selected  farms. 

After  43-72  hr,  the  swabs  were  removed  and  im¬ 
mediately  placed  into  500  ml  of  Selenite-F  broth. 
The  selenite  broth  was  incubated  at  41  C  and  sub¬ 
cultured  at  24  hr  and  48  hr  on  to  salmonella- 
shigella,  bismuth-sulfite,  and  deoxycholate-citrate 
agars.  (.\1I  broth  and  media  were  from  BBL  Micro¬ 
biology  Systems,  Cockeysville,  Md.)  Suspicious 
colonies  were  placed  on  triple-sugar-iron  agar 
slants  and  confirmed  as  S  typhi  by  standard 
methods  [10].  S  typhi  isolates  were  sent  to  the  Cen¬ 
tral  Public  Health  Laboratory,  Colindale,  U.  K. 
for  phage  typing. 

Results 

We  placed  56  swabs  into  the  Mapocho  River  and 
77  swabs  into  the  Zanjon  de  la  Aguada,  but  re¬ 
covered  only  93.  Most  lost  swabs  were  due  to  in¬ 
terference  by  passersby,  who  removed  or  cut  the 
swab.  After  the  first  month,  by  camouflaging  the 
swabs,  we  were  able  to  decrease  losses.  Of  the  48 
swabs  recovered  from  the  Zanjon  de  la  Aguada, 
17  came  from  central  city  industrial  areas  where 
there  is  heavy  chemical  pollution,  and  31  were 
from  agricultural  areas  where  there  is  a  predomi¬ 


nance  of  fecal  contamination.  None  of  the  17 
swabs  from  industrial  areas  and  4  (8.3T»)  of  45 
swabs  from  the  Mapocho  River  contained  S  typhi. 
Of  the  76  swabs  placed  in  agricultural  areas,  8 
(llro)  were  culture  positive.  Five  of  the  eight  iso¬ 
lates  were  phage-type  El  and  46,  the  two  most 
common  disease-causing  types  in  Chile,  one  strain 
was  untypeable,  and  the  other  two  wereN  and  Ml. 

Discussion 

Using  Moore  swabs,  we  were  able  to  isolate  S  typhi 
from  irrigation  water  in  Santiago,  Chile.  To  ou* 
know  ledge,  this  is  the  first  time  Moore  swabs  have 
been  used  for  this  purpose.  The  sensitivity  of  the 
Moore  sw  ab  is  thought  to  have  an  inverse  relation¬ 
ship  to  the  flow  volume  of  the  waterway  sampled 
[7J.  Thus,  our  isolation  rate  of  ll^o  from  these 
large  waterways  is  probably  an  underestimate. 
S  typhi  is  fastidious,  easily  inhibited  by  coliforms, 
and  usually  present  in  relatively  small  numbers  in 
environmental  samples  [8].  The  Moore  swab,  by 
acting  as  a  filter,  improves  the  chance  of  isolating 
rare  S  typhi  among  millions  of  coliforms  and  has 
been  useful  in  isolating  5  typhi  from  sewers  during 
outbreaks  of  infection  in  industrialized  nations. 
We  have  now  shown  that  it  is  both  a  practical  and 
reliable  epidemiological  tool  with  which  to  isolate 
S  typhi  from  irrigation  water  in  endemic  areas. 

Finding  5  typhi  with  the  same  phage  types  as 
disease-causing  isolates  in  irrigation  water  sup¬ 
ports  the  hypothesis,  based  on  epidemiological 
observations,  that  contaminated  vegetables  in 
Santiago  serve  as  important  vehicles  of  iransmis- 
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sion  (M.  Levine,  unpublished  data).  These  obser¬ 
vations  areas  follows:  (/)  typhoid  fever  peaks  dur¬ 
ing  summer  when  rainfall  is  lowest  and  irrigation 
is  used  most  heavily;  (2)  in  the  agricultural  lake- 
region  of  southern  Chile  where  rain  water  is 
available  all  year,  there  is  little  irrigation  and 
typhoid  fever  has  a  low  incidence;  (3)  persons 
from  all  socioeconomic  groups  in  Santiago  have  a 
high  incidence  of  typhoid  fever,  a  finding  sug¬ 
gesting  vehicles  for  infection  that  are  consumed  in 
all  areas  of  the  city;  and  (4)  bacteriologically 
monitored,  chlorinated  water  is  available  in  94 
of  all  households  and  is  thus  an  unlikely  vehicle 
for  5  typhi. 

Enteric  diseases  can  be  transmitted  by  vegetables 
contaminated  by  polluted  water  [11],  but  a  cause 
and  effect  relationship  is  difficult  to  prove.  A 
study  of  kibbutzim  in  Israel  showed  that  communi¬ 
ties  that  practiced  wastewater  irrigation  had  a  two- 
to-four  times  higher  incidence  of  enteric  infections 
[12].  Although  our  study  does  not  prove  that 
S  typhi  cultured  from  irrigation  water  is  direct¬ 
ly  responsible  for  typhoid  fever,  its  presence  im¬ 
plies  that  an  association  likely  exists  between 
5  /ypAr-contaminated  vegetables  and  infection. 
Recently  the  government  of  Chile  has  intervened  to 
change  the  farming  patterns  and  usage  of  con¬ 
taminated  irrigation  water.  In  Maipu  and 
Pudahuei,  water  from  the  Mapocho  River  and  the 
Zanjon  will  no  longer  be  used  to  irrigate  salad 
vegetables  that  can  become  contaminated  and 
serve  as  vehicles  of  transmission  of  5  typhi. 
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Sensitivity  of  Moore  Sewer  Swabs  for  Isolating  Salmonella  typhi 
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Moon  swab*  (sewer  swabs)  have  beer  used  successfully  to  culture  pathogenic  organisms  from  wastewater. 
Sensitivity  seems  to  depend  on  the  size  of  the  waterway  sampled  as  well  as  the  number  of  organisms  present. 

In  Santiago,  Chile,  we  placed  24  swabs  Into  the  sewers  draining  the  homes  of  10  known  chronic  carriers  of 
typhoid.  Swabs  were  positive  for  Salmonella  typki  in  5  of  the  10  households  (£0rr)  and  Oof  the  24  swabs  placed 
(25%). 


In  1948.  Moore  used  laige  gauze  pads  (sewer  swabs)  to 
isolate  Salmonella  paracyphi  B  from  sewage  outflow  of  a 
coastal  English  village  (6).  Two  years  lat-  *,  using  the  swab 
technique,  he  was  able  to  isolate  Salmonella  typhi  and  locate 
the  home  of  a  chronic  typhoid  cirritr  (7).  The  swabs  were 
collected  48  h  after  placement  and  cultured  in  Selenite 
enrichment  broth,  with  subculturing  on  Wilson  and  Blair 
solid  medium  (WB).  By  placing  swabs  in  various  sizes  of 
sewers.  Moore  was  able  to  trace  back  the  source  of  contam¬ 
ination.  He  suggested  that  this  technique  was  most  success¬ 
ful  when  sewer  swabs  were  placed  in  medium-sized  sewers 
since  the  sensitivity  seemed  to  be  inversely  related  to  the 
diameter  of  the  sewer  sampled  (8). 

Tie  Moore  swab,  placed  into  flowing  sewer  water,  appar¬ 
ently  acts  as  a  filter  to  trap  and  concentrate  pathogenic 
organisms.  The  swab  shows  a  more  accurate  microbiologic 
composition  of  the  wastewater  than  water  samples  since  the 
swab  reflects  the  sum  of  organisms  which  have  passed 
through  tt  over  time.  The  Moore  swab  has  been  used 
successfully  to  isolate  viruses,  mycobacteria,  salmoneilae, 
and  vibrios  from  sewage  (1,  4)  and  has  proven  useful  for 
investigating  the  epidemiology  of  typhoid  fever,  including 
typhoid  epidemics  in  industrialized  nations  (10)  and  studies 
o',  endemic  typhoid  in  Chile  (9). 

The  observation  of  Moore  regarding  the  relationship  of  (he 
effectiveness  of  bis  swab  to  sewer  size  was  reconfirmed  in 
the  1964  typhoid  outbreak  in  Aberdeen,  Scotland,  in  which 
Callahan  and  Brodie  (7)  found  the  sewer  swab  to  be  an 
insensitive  tool  for  random  sampling  of  large  sewers.  More 
recently,  Barrett  et  al.  (1)  found  the  Moore  swab  to  be  both 
a  practical  and  a  sensitive  tool  for  the  isolation  of  Vibrio 
cholerce  01  from  relatively  small  sewers.  In  a  previous 
study.  Sears  et  al.  reported  that  Moore  swabs  can  be  used 
successfully  to  isolate  S.  typhi  front  polluted  irrigation  water 
in  areas  with  endemic  typhoid  fever  (9).  To  evaluate  further 
the  sensitivity  and  reliability  of  the  Moore  swab,  we  placed 
swabs  in  the  small  sewers  draining  the  homes  of  known, 
chronic  carriers  of  5.  typhi. 

As  part  of  'he  projects  designed  to  control  typhoid  fever  in 
Chile,  studies  have  been  performed  to  locate  chronic  carriers 
of  5.  typhi.  Through  one  of  these  previous  studies,  which 
evaluated  the  efficacy  of  amoxicillin  therapy  for  treatment  of 
the  carrier  state,  a  registry  of  chronic  carriers  w  as  compiled. 
Ten  carriers,  who  were  unable  to  participate  in  this  drug 
trial.  were  identified,  and  permission  was  obtained  to  place 
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Moore  swabs  in  the  outflow  of  the  sewers  draining  their 
homes.  Tne  houses  of  these  carriers  had  flush  toOets  con¬ 
nected  to  terra  cotta  or  open  pipe  drainage.  Io  the  front  yard 
of  each  home  was  an  access  pane!  to  the  sewer.  Most  of  the 
houses  shared  a  common  sewer  with  at  least  one  and  often 
two  other  houses.  Swabs  were  placed  directly  in  the  sewers 
of  the  homes  of  the  10  earners  and  left  for  48  or  72  h.  Each 
sewer  was  sampled  at  least  two  (and  usually  three)  separate 
times,  and  an  effort  was  made  to  assure  that  the  carriers 
remained  home  during  the  time  the  swabs  were  in  place. 

Moore  swabs  were  prepared  by  wrapping  sterile  cotton 
gauze,  six  inches  wide  by  four  feet  lor.g  1 15  cm  by  120  cm), 
around  a  stiff  wire.  This  was  attached  to  a  nylon  cord  and 
pLced  directly  into  the  draining  sewage.  Most  swabs  were 
placed  on  Friday  and  collected  on  Monday  to  help  ensure 
use  of  the  facilities  by  the  carriers  in  the  households.  After 
48  to  72  b.  each  swab  was  removed  from  the  sewage  and 
placed  directly  into  a  widc-mouih  jar  containing  500  ml  of 
Se!enite-F  broth  (BBL  Microbiology  Svstems.  Cockevsville. 
Md.>. 

The  swabs  in  the  Selenite  were  incubated  at  41:C  and 
subcultured  between  18  and  24  h  onto  Salmonella  Shigella, 
bismuth  sulfite  fWBJ).  and  DCLS  (desoxycholate  citrate 
lactose  sucrose)  agar.  (All  broth  and  media  were  from  BBL.) 
Subculturing  was  done  directly  from  the  broth  as  weil  as 
with  a  10-fold  dilution  of  the  broth.  At  24  h  after  the  swab 
was  removed,  the  Selenite  broth  was  again  subcultured 
directly  and  with  a  10-fold  dilution  on  tiie  same  solid  media. 
Suspicious  colonies  from  the  soiid  media  were  placed  in  TSI 
agar  slams.  Those  giving  TSI  reactions  typical  of  5.  typhi 
were  confirmed  with  standard  biochemical  tests  and  by 
agglutination  with  appropriate  antiserum  (3).  All  isolates 
were  then  phage  typed. 

The  homes  of  10  asymptomatic,  chronic  carriers  of  S. 
typhi  were  visited.  No  carrier  was  talcing  antibiotics-  At  least 
two  swabs  were  placed  at  different  limes  in  each  of  the 
sewers  draining  the  homes  of  these  carriers.  Table  I  lists  the 
households,  the  number  of  ,wabs  placed  in  each  sewer,  and 
the  number  of  times  the  cultures  w  ere  positive  for  5.  typhi. 
A  total  of  24  swabs  were  placed,  and  of  these.  6  were 
positive  (25Cc).  Although  only  25rr  of  the  swabs  were 
positive.  5  of  the  10  carrier  households  IfO'T)  were  femnd  :c* 
have  culture-positive  swabs. 

WB  was  the  most  effective  medium  for  isolation  of  5.  typhi 
from  the  swabs.  In  four  of  the  six  isolates.  WB  was  the  only- 
medium  on  w  hich  5.  typhi  could  be  identified.  In  one  case, 
an  isolate  was  recovered  from  both  Salmonella  Shigella 
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T \3LE  1.  Number  of  swabs  positive  fir  5  r\pl,i  from  chrome 
uphold  carritri 
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irec:dm  and  'VB.  and  in  only  one  instance  was  S.  ryphi 
isoijiid  from  Salmonella  Shigella  and  DCLS  media  without 
recovery  on  WB.  Of  the  six  isolates,  four  were  recovered  on 
the  irsi  succulrure  (18  to  24  h).  both  directly  and  in  the  1  10 
dilution.  Only  one  isolate  that  was  not  recovered  by  direct 
isolation  was  recovered  at  the  1/10  dilution. 

In  this  study,  we  placed  Moore  swabs  into  the  small- 
diameter  sewers  draining  the  homes  of  known,  chronic 
rypioid  carriers  in  Santiago.  Chile.  When  two  or  three  swabs 
were  placed  over  time  in  each  sewer,  we  were  able  to 
successfully  recover  5.  ryphi  from  on--quarter  of  the  swabs 
and  one-hiif  of  the  earners.  The  ability  to  isolate  typhoid 
bacaius  rfctn  these  sewers  seems  to  increase  with  increasing 
numbers  of  swabs.  We  suspect  that  as  more  swabs  are 
placed,  the  ability  to  find  a  positive  one  for  each  carrier 
incTiaies  Since  we  had  no  w  ay  of  confirming  that  the  carrier 
in  tie  household  was  shedding  typhoid  bacilli  during  the  time 
tie  swab  was  in  place,  this  isolation  rate  probably  represents 
a  io  «  estimate  of  the  true  sensitivity  of  the  swab. 

In  studies  in  England  in  1954.  Kwantes  and  Speedy  (5). 
whiii  investigating  a  paratyphoid  outbreak  with  Moore 
swabs,  found  that  carriers  tried  to  avoid  using  the  toilet 
facilities  to  escape  detection.  We  do  not  know  if  the  tv  phoid 
cacr.ers  in  the  households  we  sampled  avoided  using  the 
toue:  during  our  swabbing.  Ideally,  we  would  have  preferred 
to  have  simultaneous  stool  cultures  with  swab  cultures  to 
correlate  sensitivity,  but  due  to  the  study  design  that  was  not 
possible.  Even  so.  our  finding  that  the  Moore  swab  was 
successful  in  identifying  5.  ryphi  carriers  509?  of  the  time 
suggests  that  in  field  epidemiologic  situations,  it  r  a  useful 
and  practical  tool. 

In  a  previous  stud;  of  Moore  swabs  in  Chile.  Sears  et  al. 
were  able  to  isolate  typni  11V<  of  the  time  from  fecally 
polluted  irrigation  canals  (9).  Moore  swabs  proved  to  be 
reliable,  inexpensive  epidemiologic  tools  for  the  isolation  of 
5.  r.phi  in  Chile,  an  endemic  area.  In  this  study,  we  have 
sought  to  refine  our  previous  observations  and  have  at¬ 
tempted  to  determine  the  crude  sensitivity  of  the  Moore 


swab  in  a  field  situation.  Moore  swabs  will  detect  a  known 
carrier  at  least  50 ft  of  the  time  if  small  sewers  are  sampled  at 
least  two  separate  times.  Thus,  the  Moore  swab  is  a  reason¬ 
ably  sensitive  method  to  isolate  S.  ryphi  and  may  have 
practical  applications  such  as  sampling  the  small  sewen 
draining  restaurants,  food-processing  plants,  markets,  or 
other  institutions  in  which  it  could  be  important  to  detect 
carriers. 

Moore,  in  his  original  studies,  suggested  that  the  sewer 
draining  a  block  of  homes  was  the  ideal  size  for  iso(aung5. 
ryphi  rS*.  We  have  taken  this  observation  or*  step  further 
and  have  shown  that  small  sewers  dire.  ..  draining  the 
homes  of  carriers  can  be  sampled  effectively  for  5.  tjphi. 
Our  observ  ations  also  reconfirm  the  utility  of  WB.  as  wei)  as 
Selenite  broth  enrichment  for  isolating  S.  ryphi  and  suggest 
that  the  use  of  V."B  alone  may  be  sufficient  since  we  would 
have  missed  only  one  isolate  with  such  solitary  use. 

This  work  was  supported  in  part  by  grams  from  the  World  Health 
Organization  and  b>  research  contract  C-1113  from  the  U.S.  Army 
Medical  Research  and  Development  Command. 
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Duodenal  String  Cultures:  Practicality  sac  Sensitivity  for  Diagnosing  Enteric  Fever  In  Children 


The  diagnosis  of  enteric  (typhoid  or  paratyphoid)  fever 
must  be  confirmed  by  isolation  of  the  causative  organism 
from  a  suitable  dinica'  culture.  This  verifies  the  appropri¬ 
ateness  of  antibiotic  therapy,  allows  differentiation  between 
Salmonella  typhi  and  Salmonella  paratyphi  A.  8,  and  C 
infections  and  provide  isolates  for  phage  typing  if  epide¬ 
miological  investigations  are  indicated.  Bone  marrow  cul¬ 
ture  the  most  sensitive  method  to  recover  organisms  as¬ 
sociated  with  enteric  fever  [1-7],  requires  special  instru¬ 
ments  and  technical  expertise  and  is  uncomfortable  and 
invasive;  it  is  therefore  not  amenable  to  routine  use  in  chil¬ 
dren  with  suspected  enteric  fever.  Blood  culture,  in  con¬ 
trast,  is  widely  practiced  wherever  bacteriology  s  availa¬ 
ble,  because  of  its  relative  simplicity,  safety,  and 
norun vasjveness.  Unfortunately,  the  sensitivity  of  blood 
culture  is  significantly  less  than  that  of  bone  marrow  cul¬ 
ture  [1-7].  Since  Salmonella  are  present  in  the  We  of  pa¬ 
tients  with  acme  emetic  fever  [8—101,  some  investigators 
have  cultured  bfle-con  gaining  duodenal  fluid  by  means  of 
string  capsule  devices  (7, 11-13]  and  have  reported  signifi¬ 
cantly  higher  rates  of  isolation  of  Salmonella  than  when 
cultures  of  blood  are  used  alone:  With  one  exception  (14), 
these  nudies  have  been  largely  confined  to  adults.  How¬ 
ever,  in  endemic  areas  such  as  Santiago,  Chile,  typhoid 
fever  is  predominantly  a  disease  i  school-age  children, 
five  to  14  years  of  age  [15],  Thus  we  undertook  this  study 
to  evaluate  the  practicality  and  clinical  acceptability  o ( 
cultures  of  duodenal  string  capsule  in  children  <15  years 
of  age  with  a  clinical  diagnosis  of  enteric  fever  and  to  com¬ 
pare  the  sensitivity  of  this  culture  method  with  that  of  cul¬ 
tures  of  blood  and  bone  marrow. 
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Patient*  and  Method* 

Patients  with  a  clinical  diagnosis  of  acute  enteric  fever  who 
were  admitted  to  *he  Roberto  del  Rio  Children'*  Hospital 
between  January  1983  and  February  198S  entered  the  study. 
From  each  child,  an  attempt  was  made  to  obtain  blood, 
bone  marrow,  and  bile-stained  duodenal  fluid  for  culture. 
TWo  5-mi  samples  of  blood,  drawn  30  min  apart  by  sterile 
technique,  were  inoculated  into  flasks  containing  30  ml 
of  brain-heart  infusion  broth  (B8L  Microbiology  Systems, 
CockeysviUe,  Md)  with  0.025ft  sodium  polyanetholsul- 
fonate.  Aspirates  of  bone  marrow  from  the  iliac  crest  were 
inoculated  into  identical  flasks. 

To  obtain  samples  of  bile-containing  duodenal  fluid  for 
culture,  we  instructed  the  children  to  swallow  a  string  cap¬ 
sule  device  (Pediatric  Eo  tenues  r*;  HEDECO,  Mountain 
View,  Calif)  with  a  glass  of  water  or  flavored  gelatin.  The 
device  consists  of  a  nylon  string  coded  within  a  gelatin 
capsule.  The  proximal  end  of  the  string  was  taped  to  the 
cheek,  and  the  string  was  left  in  place  for  6  hr.  (During 
this  time  the  gelatin  capsule  digests  in  the  stomach  and 
allow  the  nylon  string  to  uncoil  and  pass  through  the  pylo¬ 
rus  into  the  duodenum,  where  the  distal  end  is  impreg¬ 
nated  with  bOe  and  duodenal  fluid.) 

When  the  siring  was  removed,  the  distal  portion  was 
examined  for  bile  staining,  and  the  pH  was  measured  to 
determine  whether  the  string  had  reached  the  duodenum. 
The  distal  20  cm  were  severed  and  divided  into  two  equal 
portions,  one  of  which  was  inoculated  into  20  ml  of  selenite 
F  enrichment  broth  and  the  other  into  50  ml  of  brain-heart 
infusion  broth.  Flasks  were  incubated  at  35  C,  and  posi¬ 
tive  broths  were  subcultured  onto  salmonefla-shigdla  and 
bismuth-sulfite agar  (BBL).  Suspicious  colonies  were  trans¬ 
ferred  to  KligJer's  triple-sugar  iron  agar  and  characterized 
by  standard  biochemical  and  serological  techniques.  Chlor¬ 
amphenicol  treatment  was  initiated  (50  mg/kg  per  day  ) 
after  all  cultures  were  obtained. 

Results 

A  complete  set  of  cultures  (two  blood,  one  bone  marrow, 
and  one  duodenal  string)  was  obtained  from  103  children. 
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three  to  14  years  of  age,  with  a  clinical  syndrome  compat¬ 
ible  with  typhoid  fever  From  the  last  23  patients  a  second 
duodenal  string  culture  was  routinely  obtained  on  the  day 
followinj  the  initial  cultures.  Only  three  additional  chil¬ 
dren  attempted  to  swallow  the  string  capsule  device  but 
were  unsuccessful.  Four  children  had  received  an  antibi¬ 
otic  before  admission. 

Sensitivity  of  cuiturt  combination. x  One  of  the  three 
cultures  was  positive  in  all  103  clinically  suspected  cases, 
of  whom  SI  had  &  typhi  and  13  had  &  paratyphi  A,  B, 
or  C  infection.  The  sensitivity  of  a  single  culture  in  bac- 
terio  logically  confirming  cases  ranged  from  61*  for  blood 
to  76%  for  bone  marrow,  with  a  single  duodenal  string 
culture  as  the  intermediate  (71%;  tabic  1).  Combinations 
of  cultures  greatly  increased  the  sensitivity  (able )).  A  sec¬ 
ond  culture  of  blood  resulted  in  isolation  of  Salmonella 
from  69%  of  the  cases,  whereas  adding  a  bone  marrow 
culture  to  two  cultures  of  blood  increased  the  sensitivity 
to  64%.  A  single  duodenal  string  culture  in  conjunction 
with  two  cultures  of  blood  also  notably  increased  sensi¬ 
tivity,  a  combination  resulting  in  bactcrioiogic  confirma¬ 
tion  of  93  (92%)  of  103  cases.  Thus  either  a  single  bone 
marrow  or  a  single  duodenal  string  culture  significantly 
increased  the  rate  of  bacter. olcgsc  confirmation  over  two 
cultures  of  blood  akme.  By  means  of  two  cultures  of  blood, 
one  bone  marrow  culture,  and  one  duodenal  string  cul¬ 
ture,  101  of  103  patients  were  confirmed  barteno  logically 
as  having  enteric  fever  (the  remaining  two  patients  were 
confirmed  by  means  of  a  second  duodenal  string  culture). 
The  last  23  patients  in  this  study  bad  two  duodenal  string 
cultures  routinely  performed  with  isolation  of  Salmonella 
from  21  (91%)  of  23  children  by  means  of  these  two  cul¬ 
tures. 

Practicality,  acceptability,  and  reliability  of  duodenal 
fluid  cultures  by  the  string-capsule  device.  Among  the 
103  children  from  whom  duodenal  cultures  were  obtained. 


Table  1.  Comparison  of  the  relative  efficacy  of  cultures 
of  blood,  bone  marrow,  and  duodenal  string,  singly  or 
in  combination  in  isolating  S.  typhi  or  S.  paratyphi. 


Type  of  culture 

No.  of  positive  cultures  (%) 

Single 

In  blood 

61  (39) 

2ad  blood 

63  (61) 

duodenal  shag 

73(7!) 

bone  marrow 

78  (76) 

Combinations 

2  blood 

71  (69) 

2  blool  +  1  bone  narrow 

*7  (84) 

2  blood  *  1  duodenal 

5thn| 

9J  (92) 

2  blood  -  1  bone  marrow 

*  I  duodenal  string 

101  (98) 

NOTE.  Cultures  were  obtained  from  103  children  3-13  yean 
of  age  with  clinical  enteric  fever. 


Table  2.  Positivity  of  duodenal  string  cultures  in  chil¬ 
dren  with  enteric  fever  in  relation  to  the  duration  of 
illness. 


Days  of  Ulneu 
before  cuiture 

No.  of 
children 

No.  positive/ 
no.  negative 
(%  positive) 

1-7 

26 

17/9  (63.4) 

t-M 

a 

31/10  (79.1) 

13-21 

26 

16/10  (61 J) 

22-31 

1 

2/1  (67) 

Total 

103 

73/30 

Median* 

— 

10/10 

Mean  z  SO* 

- 

12.0  z  6.4/10.0  z  «J 

NOTE.  Tbc dtretioo of  lQmu  «um  sgaifkaatiy  ^Ter¬ 
esa  in  those  with  positive  w.  tboM  wnh  negative  cultures  (Sne- 
dent's  r  and  WQcotoa  rank  sum  tots). 

*  Cau  are  days  of  ihaea  before  culture  in  ooctiivm/deys  of 
Saen  before  culcare  m  negatives. 

right  children  (8%)  had  notable  difficulty  in  swallowing 
the  capsule;  a  few  had  to  be  given  a  second  capsule.  No 
advene  effects  wetv.  noted  from  the  use  of  the  string- 
capsule  devices. 

The  pH  of  the  distal  tip  of  the  string  was  recorded  in 
99  of  the  103  children  who  had  duodenal  string  cultures. 
The  recovery  of  Salmonella  from  duodenal  string  cultures 
was  dotty  related  to  whether  the  siring  had  passed  through 
the  pylorus  into  the  duodenum  (based  on  the  pH  of  the 
tip  of  the  string).  Of  76  children  whose  strings  had  a  pH 
>6A  39  (78%)  bad  positive  cultures.  In  contrast,  when 
the  pH  war  <6l0,  only  10  (43%)  of  ?3  yielded  Salmonella 
(/*  »  .0042);  the  pH  in  the  10  with  positive  cultures  wa? 
3D  and  was  <4.0in  those  with  negative  cultures.  The  rate 
of  positive  duodenal  string  cultures  did  not  differ  signifi¬ 
cantly  in  relation  to  age;  27  (79%)  of  34  children  three 
to  nine  years  of  age  had  positive  cultures  vs.  46  (67%)  of 
69  children  10  to  14  years  of  age  (P  »  .70). 

The  rate  of  positivity  of  duodenal  string  cultures  in  re¬ 
lation  to  duration  of  illness  before  entering  the  study  » 
shown  in  table  2.  The  duration  of  illness  was  not  signifi¬ 
cantly  different  for  the  73  children  with  positive  cultures 
vs.  the  30  children  with  negative  cultures  (table  2). 


Dbario* 

Other  investigators  have  previously  documented  the  use¬ 
fulness  and  sensitivity  of  duodenal  string  cultures  in  ty¬ 
phoid  fever  in  studies  largely  involving  adults  (7,  13J. 
Benavente  el  aL  (13]  found  duodenal  string  cultures  posi¬ 
tive  in  86%  and  positive  cultures  of  bone  marrow  in  75  C» 
of  36  Peruvians  with  typhoid  fever.  Hoffman  et  al.  (7J 
reported  that  the  combination  of  one  culture  of  blood, 
one  rectal  swab,  and  one  duodenal  string  culture  had  86% 
sensitivity  vs.  92%  sensitivity  for  the  combination  of  one 
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culture  of  Mood,  one  rectal  swab,  and  one  bone  marrc* 
culture  tn  isolating  S.  typhi  or  S.  paratyphi  from  118  In¬ 
donesians  with  enteric  fever.  The  only  previous  pediatric 
study  involved  118  Peruvian  patients  two  to  13  years  of 
age  with  suspected  enteric  fever  (14}  who  swallowed  "boroe- 
made'  string-capsule  devices  prepared  locally  at  the  hos¬ 
pital.  Only  47%  of  38  young  Peruvian  children  two  to  jj 
years  of  age  tolerated  the  duodenal  string  cultures;  fur¬ 
thermore  the  sensitivity  of  the  duodenal  string  cultures 
was  much  lower  than  that  previously  reported  for  adult 
patients  at  that  hospital  in  Peru  (12,  13]. 

Herein  we  report  a  systematic  study  of  duodenal  string 
cultures  in  comparison  with  cultures  of  bone  marrow  and 
blood  in  103  Chilian  children  (14  years  of  age  or  younger) 
with  a  rfeioi  diagnosis  of  enteric  fever.  A  single  duodenal 
string  culture,  in  conjunction  with  two  cultures  of  blood, 
allowed  isolation  of  8  typhi  or  &  paratyphi  from  924a 
of  patients,  a  comparable  rate  occurred  with  two  cultures 
of  blood  and  a  bone  marrow  culture  (84%).  The  string 
capsule  device  was  practical  and  surprisingly  well  toler¬ 
ated  by  the  children;  103  (97%)  of  106  children  who  at¬ 
tempted  succeeded  in  swallowing  the  string  capsule,  with 
98  (92%)  having  no  notable  difficulty  whatsoever,  fur¬ 
thermore,  Salmontila  were  as  readily  isolated  from  duo¬ 
denal  suing  cuhures  in  young  children  three  to  cine  years 
of  age  (27  [79%1  of  34)  as  older  children  >10  years  of  age 
(46  (67  %]  of  69;  P  *  .70).  The  recovery  of  Salmonella 
from  string  cultures  correlated  highly  with  evidence  (by 
measurement  of  the  pH  of  the  distal  end)  that  the  string 
bad  reached  the  duodenum;  when  the  strings  bad  a  pH 
>6.0,  Salmontila  was  recovered  from  78%  wi  the  cultures 
vs.  only  43%  when  the  string  pH  was  <6.0  fP  *>  .0042). 
Our  results  in  Chilean  children  contrast  sharply  with  those 
in  Peruvian  children  (14],  with  both  clinical  acceptability 
and  sensitivity  being  significantly  greater  in  our  study.  The 
two  studies  differ  so  markedly  in  methods,  however,  that 
caution  must  be  eternised  in  making  comparisons.  The 
Peruvian  study  utilised  homemade  rather  than  commer¬ 
cial  string  devices,  and  it  wes  Dot  stated  if  these  were  modi¬ 
fied  for  pediatric  patients.  Furthermore,  the  Peruvian  in¬ 
vestigators  removed  the  strings  after  3  hr  and  most 
importantly,  did  not  verify  the  pH  of  the  tip  of  the  string. 
The  high  sensitivity  in  the  Chilean  study  may  be  due,  in 
part,  to  the  strings  being  left  in  place  for  an  average  of 
6  hr;  future  comparative  studies  will  assess  if  3  or  4  hr 
will  mffice,  thereby  making  duodenal  string  cultures  more 
practical  for  outpatients. 

In  the  last  23  pc  treats  a  second  duodenal  string  culture 
was  routinely  obtained,  thereby  allowing  us  to  make  a  pre¬ 
liminary  statement  of  the  value  of  two  duodenal  string 
cultures.  Among  these  23  patients,  at  least  one  of  the  duo¬ 
denal  string  cultures  was  positive  in  21  patients  (91%).  vs. 
two  cultures  of  blood  yielding  a  Salmonella  in  only  14 
(61%)  cases  and  two  cultures  of  blood  plus  a  bone  mar¬ 
row-  culture  confirming  18  (78%)  cases  of  enteric  fever. 
If  two  duodenal  string  cultures  are  desired  without  un¬ 


duly  delaying  the  initiation  of  antibiotics,  it  may  be  pru¬ 
dent  to  obtain  the  cultures  one  immediately  after  the  other. 

In  children,  culture  methods  to  confirm  the  diagnosis 
of  enteric  fever  must  compromise  between  sensitivity  and 
practicality.  TWo  cultures  of  blood  represent  the  minimum 
effort  to  be  et peered  wherever  bacteriologk  capability  is 
availably  since  they  are  simple  toobtain  and  nomovanve. 
Informal  left,  cultures  of  blood  offer  only  moderate  sen¬ 
sitivity.  Sensnivi_y  can  be  notably  increased  if  dinkal  ma¬ 
terial  on  be  obtained  for  culture  from  the  reticulo¬ 
endothelial  system  where  Salmonella  reside  in  specific 
macrophages.  Heretofore,  this  has  been  accnmpfishcd  by 
means  of  bone  marrow  cultures.  This  procedure,  however, 
is  invasive  for  children  and  requires  skilled  operators  and 
special  needles  that  are  cot  always  available. 

Our  systematic  study  in  Chilean  children  with  enteric 
fever  demonstrates  that  the  combination  of  two  cultures 
of  blood  and  a  duodenal  string  culture  offers  excellent  sen- 
sitivtty  (equal  to  two  cultures  of  bkiod  and  a  bone  mar¬ 
row  culture)  and  nooinvasive  practicality  and  is  effective 
in  children  from  three  to  14  years  of  age. 
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cal  inforefntaton  (Dd%  Although  OGI  ha*  been  estimated  to 
uu-us  «■  lfWL)%  pfhf  ad  fooocrtcql  infections,  few 
than  JBdbcMO  hwo.feooo  reported  in  the  post  twenty  yean 
Lfadnuog  wroiogicri  ond  pf  mnrypir  ttudiet.  we  describe 
the  y.— —'nrri  imliood  Cw  three  mo  that  occurred  in 
Ptifli  hiptalpliia  between  Jununy  and  July  1984. 

-  ft 

Case  <1  fin  reiriu  *;**•&*-'• 

-  ’*“■  -I. 

Cobtf  A  15-year-old  black  girt  was  bospiti lized  with 
a  <2 1  hd|ln  fodtoBk  of  inatadre.  nir  ihroot.  migratory  joint 
pains  in  barber  wrists  and  aafcha.  purpuric  thin  lesions,  vomit  - 
mg,  nm^nul  confnrian.  The  patient  was  neither  preg- 
oant  uiiw  -menstruating.  A  pam  stain  of  the  smear  of  the 
CSF  maaoied  no  rirgnui,  aod  bacterial  cultures  -<ere 
sterile:  AaCKXSF  ncotropMfc'bafcocytosis  was  noted,  how¬ 
ever.  afaeng  with  depreiaad  kwh  of  glucose  and  elevated 
levels  odporprotein.  Odoms  of  Hood  and  cervix  were  posi¬ 
tive  far  MmMmatm  gomarrhmamt.  Despite  aggressive  manage¬ 
ment  mrinmtadiag  pareabniaminacrobial  therapy  using  pen¬ 
icillin  aaaand  chloramphemeof,  the  patient  died  of 
ov  tniaa  aMg  sepsis  fd). 

CariSsJ.  A  19-year-oU  btedt  woman  was  admitted  to 
a  scxmdbdhospttai  with  a  ihmt  day  history  of  migratory 


1- 

ptMubmMMmry  1983,  aod  ia  revised  form 
1983. .  vvidsp:  •*■ 

Cohfi*  Perth*  tar  aareaypreg  o>  ah  gooococci  aod 
for  wUrtMaf  nndtas  that  included  plasmid  pro- 
Dk.  Behcrt  Sharrw,  Dr.  Brat  Cas- 
Ptaladdphb  taprewnrei  of  Health  w«s  grevity  ap- 

to  Dr.  Roselyn  1.  Rice, 
Medical  Center.  325  9th 


r. 

s: 

f 

a 

I 

ti 

u 

Os 

an 

u 

fi. 

ie: 


-uerra  J,  Grade*  Ok  Guerra  H.  Dk 
phi  by  culture  of  duodenal  Drag 
I9SIJ0*cM 

Guerra  J,  Grartot  Ok  Guerra  H. 
rphoid  fever  wing  a  string  cap. 
x  Thjp  Med  Hyg  t9*4;7*:«0*-4 
fay  &  BLad  A.  Goruno  E.  Effs- 
«d,  nool  and  dwodewal  cooteass 
:  coaftnaortan  of  typhoid  few 
•3  Dii  < 

rbrt  bfcxdra  ca  Chile:  axiudtr- 
.  Rev  Med  CM  19t3;l!lt09-l3 


tses  of  Mrwlngjtls 

oanied  by  nwiari.  vomiting. 
The  patient  wno  neither  preg- 
-Jnaiioo  of  the  CSF  revealed 
depressed  Jcvcb  of  glucose; 
-  A  gnun  stain  of  the  smear 
bacteria.  CSF  and  cervical 
lonorrhone.  The  patient 
microbial  therapy  that  m- 
charged  without  serious  se- 

-■ck  man  was  admitted  to  a 
h  a  diagnosis  of  a  partially 
iaatioo  was  consistent  with 
obtained  at  another  hospi- 
-oeae.  The  patient  respond - 
i  therapy  without  sequelae. 


Isolates  from  the  three  pa¬ 
nes  of  blood,  CSF,  and  cer- 
-hoeae  by  carbohydrate  utili- 
ordures  (5J.  /9-Lactamase 
the  chromogetnc  cepbalo- 
•x  obtained  from  synovial 
10  other  pnoems  who  bad 
-neningitis.  A  total  of  30 
jdomly  refaoed  from  pa- 
auniry  with  a  diagnosis  of 
with  no  apparent  compli- 
Tined  as  N.  gonorrhoea 
.livity. 

joococri  from  all  patients, 
.  were  serologically  classi¬ 
fy  monoclonal  antibod- 
-xal  outer  membrane  in  a 
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Surrey  of  Plasmids  in  Salmonella  typhi  fro*  Chile 

Salmonella  typhi  remains  an  important  enteric  pathogen 
in  many  parts  of  the  world.  Although  a  number  of  out¬ 
breaks  of  typhoid  fever  have  teen  caused  by  antibiotic- 
resistant  5.  typhi,  such  as  in  Mexico  in  the  early  1970s  [1). 
and  more  recently  in  Pent,  these  organisms  have  in  general 
remained  surprisingly  susceptible  to  antibiotics,  particu¬ 
larly  when  one  compares  their  resistance  with  that  of  other 
enteric  pathogens,  like  the  shigeilae  and  nontyphoidai 
salmoneliae.  The  current  study  was  originally  undertaken 
to  investigate  antibiotic  resistance  in  £  typhi  in  Santiago, 
Chile  and  to  examine  total  plasmid  content  of  clinical  iso¬ 
lates.  This  study  also  explored  the  possibility  of  a  com¬ 
mon  *vtmlence"pUsnrid(s)  and  the  potential  utility  of  plas¬ 
mid  clectrop herotyping  for  epidemiological  studies.  When 
do  resistance  and  few  plasmids  were  found,  further  studies 
were  undertaken  to  investigate  possible  reasons  for  these 
findings  and  to  determine  if  similar  results  could  be  found 
in  other  geographic  locations. 

Materials  and  Methods 

Bacterial  strains  and  sux.pt mility  testing.  Clinical  iso¬ 
lates  of  £  typhi  from  local  hospitals  in  Chile  were  identi¬ 
fied  and  phage  typed  at  the  Insututo  de  SaJud  Publics  in 
Santiago,  strains  from  Thailand  were  sent  to  the  Depart¬ 
ment  of  Medical  Science,  Bangkok.  Recipient  strains  in¬ 
cluded  Escherichia  coii  J53  (pro  met)  and  nalidixic 
add-resistant  mutants  of  three  plasmid-free  £  typhi  dan- 
kai  isolates  from  Chile.  Donor  strains  were  £  coli  iso¬ 
lated  either  from  urinary  tract  infections  in  Santiago,  or 
from  feces  of  a  U-S.  student  in  Mexico  [2J.  Antimicrobial 
susceptibilities  were  determined  by  the  disk-diffusion 
method  by  using  Mueller-Hinton  agar  (Difco  Laborato¬ 
ries,  Detroit)  and  disks  purchased  from  BBL  Microbiol¬ 
ogy  Systems  (Cockeysville,  Md). 

Conjugal  transfer  and  plasmid  studies.  Total  plasmid 
contems  of  all  strains  were  examined  by  the  method  of 
Kado  and  Liu  (3];  a  subset  of  30  strains  from  Chile  were 
also  cross-examined  by  other  methods  [4,  J).  Conjugations 
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were  performed  in  broth  44  previously  described  |2,  5], 
The  frequency  of  transfer  was  determined  by  dividing  the 
number  of  transconjugana  by  the  number  of  recipients. 

Growth  curves  and  stability  studies.  For  growth  rate 
determinations,  siagic  colonies  were  inoculated  in  dupli¬ 
cate  into  brain-heart  infusion  broth,  grow  overnight  at 
37  C,  diluted  10-  into  brain-heart  infusion  broth  and  in¬ 
cubated  in  a  rotary  incubator  at  100  rpm  at  37  C.  Growth 
was  followed  at  580  am  with  a  Spectronic  21*  (Beckman 
Instruments,  Palo  Alto,  Calif).  The  stability  of  plasmids 
was  determined  by  inoculating  10  single  colonies  of  each 
strain  from  trimethoprim-containing  agar  plates  onto  pep¬ 
tone  agar  slants;  after  incubation  at  25  C  lor  3  mouths, 
each  slant  was  subcultured  and  8-12  single  colonics  from 
each  riant  (80-100  total  per  strain)  were  tested  far  resistance. 


Results 

Chilean  strains.  One  hundred  strains  of  £  typhi  iso¬ 
lated  within  the  preceding  year  in  Chile  were  examined; 
19  were  examined  within  one  week  of  isolation.  Phage  typ¬ 
ing  of  74  isolates  revealed  that  the  majority  of  strains  were 
either  type  El  (23  isolates),  type  46  (17  isolates),  or  F8  (8 
isolates);  other  types  included  FI  and  MI  (4  strains  each), 
A  and  34  (3  strains  each).  38  (2).  D4  (1).  nontypable  (2), 
and  Vi(-),  (7).  None  of  these  isolates  were  resistant  to 
any  of  seven  antimicrobial  agents  tested;  thi<  corroborates 
the  results  of  D’Onone  et  aL  15]  in  Chile  in  1980  that 
showed  only  two  of  661  isolates  were  resistant  to  chlor¬ 
amphenicol  and  the  results  of  Rodriguez  et  aL  [7]  La  1977 
that  showed  only  l.3*»  of  1,622  isolates  were  resistant  to 
arty  of  the  six  agents. 

Of  100  Chilean  isolates  that  were  examined  for  the  pres¬ 
ence  of  extrachroaosomal  DNA,  only  eight  were  found 
to  have  plasmids;  all  eight  were  detected  by  the  method 
of  Kado  and  Liu.  Five  pbage  type  F8  isolates  and  one  Vi(  - ) 
isolate  had  a  plasmid  of  65  Mdal;  one  type  38  strain  had 
a  plasmid  of  32  MdaJ,  and  one  nontypable  strain  had  a 
plasmid  of  3  MdaJ. 

Thai  strains.  Since  Chile  is  somewhat  isolated  geo¬ 
graphically,  strains  of  £  typhi  from  another  location  were 
examined.  Fifty  strains  from  Thailand  were  screened  by 
phage  typing,  and  38  revealed  the  following:  type  46  to 
strains),  type  Ml  (7),  type  El  (6),  type  D1  (3),  type  53  (2), 
types  E9,  J5,  D6,  and  D5  (1  strain  each),  *!<-)  (2),  and 
5  strains  were  unrypabfe.  Three  were  found  to  have  plas¬ 
mids.  One  of  these  three  strains  (phage  type  D1 )  was  resis¬ 
tant  to  ampirillin,  chloramphenicol,  streptomycin,  and 
tetracycline.  Another  isolate  was  resistant  by  disk  to  strep¬ 
tomycin  (9  mm  zone  of  inhibition),  and  ten  were  inter¬ 
mediate  in  susceptibility  to  streptomycin;  none  of  these 
had  a  plasmid. 
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Figure  1.  Experiments  to  determiiiEsgrowth  curves  of  parental  strains  and  their  plasmid-containing  derivatives  were 
performed  in  brain-heart  infusion  Broth.  Experiment  were  performed  with  SIP  12,  STP13,  STPI8,  and  STP20 
Escherichia  colt  tsolaes  from  iuiuary~nact  infecnons  in  Chile;  phi  HI  2,  pSTPl3,  pSTPIS,  and  pi*  l  P20  are  the  resistance 
plasmids  derived  from  the  corresponding  strains.  S13,  S25,  and  S3 2  are  Salmonella  typhi  isolates  from  Chile.  The 
upper-left  figure  shows  the  growth  tames  of  all  strains  before  transferring  any  R  factors.  The  neat  four  figures  show 
S.  typhi  strains  without  (solid  lines i  and  with  (broken  lines)  various  R  factors.  The  loweT-right  figure  shows  5 TP 20 
and  a  spontaneously  arising  derivative  (STP20-C),  which  has  lost  resistance. 


mmethoprim -sulfamethoxazole)  are  available  over-the- 
counter  in  these  as  in  most  develo prime  countries.  Chlor¬ 
amphenicol.  for  example,  considered  the  primary  agent 
for  typhoid  foer.  has  been  widely  uses,  for  various  illnesses 
since  the  1950s.  Studies  of  other  eaarric  organisms  that 
cause  diseases  and  are  treated  with  sstniiar  antibiotics,  such 
as  Salmonella  nty/port  and  5.  typhirmurium  in  Chile  and 
Salmonella  k  rtf  eld  in  Bangkok,  revere:  multiple  antibiotic 
resistances  (12,  13;  P.  J.,  unpublisbe5i.dara|.  Surveillance 
of  £  coll  in  Santiago  and  Bangkok  has  revealed  increased 
resistance  in  this  species  [I4J. 

In  order  to  investigate  the  interaction  of  £  typhi  and 
several  R  factors  found  in  nature,  wc performed  conjuga¬ 
tion  studies  between  clinical  isolate*  asZS.  typhi  and  £  coli. 
£  coli  seems  a  likely  donor  species  an  n unite  for  the  fol- 
'owing  reasons:  (/)  it  is  normally  the  "most  numerous  coli- 
form  in  the  human  intestinal  tract  and  therefore  should 
come  into  contact  with  5.  typhi:  (S'  m  developing  coun¬ 
tries  it  is  often  multiply  resistant:  ans.  :J>  since  both  £  coli 
and  5.  typhi  art  Enterobaaeriaceae  card  considerably  ho¬ 
mologous  by  DNA  studies,  they  couud  be  expected  to  ex¬ 
change  genetic  information  in  viva  The  transfer  frequen¬ 


cies  oT  the  R  factors  originating  in  £  coli  into  £  typhi 
were,  at  most,  slightly  decreased  relative  to  an  £  coli  re¬ 
cipient  (table  I).  This  implies  that  neither  a , elusion  bar¬ 
rier  nor  a  restriction  endonuclease  impedes  the  entry  or 
establishment  of  £  coli  plasmid  DNA  in  £  typhi. 

.As  expected,  a  comparison  of  growth  rates  revealed  that 
the  clinical  £  coli  isolates  grew  more  rapidly  than  did  the 
laboratory  K12  strain  and  much  more  rapidly  than  did  the 
£  typhi.  The  presence  of  some  but  not  all  R  factors  fur¬ 
ther  slowed  the  growth  rates  of  both  £  coli  353  and  of 
£  typhi ,  but  a  consistent  ef  'ect  of  a  given  plasmid  upon 
all  host  strains  was  not  s ,en.  A  slewing  effect  has  been 
well  documented  for  some  plasmids,  although  some  have 
no  effect  and  some  even  enhance  growth  of  the  organism 
115,  16J.  Whether  the  slowing  effect  on  £  typhi  growth 
seen  with  some  of  these  R  factors  would  impart  a  selec¬ 
tive  disadvantage  in  nan_—  is  unknown. 

Anoihrr.  perhaps  more  important,  difference  between 
the  £  colt  and  £  typhi  hosts  was  the  degree  of  stability 
of  the  R  factors.  Four  of  the  R  factors  were  unstable  in 
£  typht  but  stable  in  £  coli  (table  1).  Such  instability  sug¬ 
gests  that  a  number  of  accessible  R  factors  in  nature  do 
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Dii  pro  portion  tie  Expansion  of  a  Minor  T  Cefl  Snbsel  in  Patients  with  Lyraohadenopathy 
Syndrome  and  Acquired  Immunodeficiency  Syndrom* 


Tbe  evolution  of  acquired  immunodeficiency  syndrome 
(AIDS)  involves  alterations  in  lymphocyte  subpopulations 
that  may  be  a  significant  part  of  the  underlying  disease 
process.  These  alterations  in  lymphocyte  subsets  indnde 
an  inversion  of  the  T41TS  ratio  that  is  due  to  a  reduction 
in  tbe  absolute  numbers  of  T4  positive  cells  and  either 
normal  numbers  or  slightly  elevated  numbers  of  T8  posi¬ 
tive  cells  [1],  As  tbe  disense  progresses,  lymphopenia  results 
in  lower  absolute  numbers  of  both  T4*  and  T8*  ceils  and 
the  T4:T8  ratio  becomes  even  more  reduced. 

In  viral  infections  with  such  viruses  as  cytomegalovirus 
(CMV),  herpesvirus,  or  Epstein-Bare  virus  (EBV)  a  rever¬ 
sal  in  tbe  ratio  of  T4*  to  TO*  cells  also  occurs,  and  tbe  ef¬ 
fect  may  persist  for  months  after  recovery  (2],  The  rever¬ 
sal  in  these  viral  infections  is  primarily  due  to  a  dramatic 
expansion  of  the  TO*  population,  although  a  reduction  in 
the  numbers  of  T4*  cells  does  occur.  Thus,  in  AIDS  the 
reversal  of  the  T4.T8  ratio  reflects  a  somewhat  different 
absolute  representation  of  these  T  ceQ  subpopulations  than 
is  observed  in  other  viral  infections,  although  the  effect 
on  the  relative  proportion  of  T4*  and  T8*  cells  may  be 
similar. 

In  contrast  to  the  findings  in  patients  with  AIDS  and 
acute  viral  infections,  Kornfeld  et  aJ.  (3J  showed  that 
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healthy,  promiscuous  homoaeniai  men  had  mommad  num¬ 
bers  of  TO*  cdbaod  normal  cumbers  of  T4*  cells.  A  simi¬ 
lar  observation  was  nude  by  LedermaactaL  (4]  ia  hemo¬ 
philiacs  who  had  received  tyophilizsd  preparations  of 
antihemophilic:  (actor.  In  patients  with  the  AIDS-related 
complex  (ARQrtf  symptoms  and  physical  findings,  both 
an  expansion  of  the  T3*  population  and  a  reduction  in 
the  T4*  lymphocyte  subset  have  been  obt erred  [3,  JJ.  Be¬ 
cause  patients  with  ARC  hav,  a  greater  risk  of  developing 
AIDS,  it  is  crucial  to  determine  the  temporal  relationship 
of  these  lymphocytic  alterations  and  their  relevance  to  the 
eventual  progression  to  AIDS. 

We  therefore  examined  patients  with  AIDS  and  ARC 
to  determine  whether  the  profound  immunosuppression 
seen  in  these  patients  may  be  associated  with  more  spe¬ 
cific  alterations  in  suppressor  T  lymphocyte  subpopula¬ 
tions.  We  found  that  AIDS  patients  and  ARC  patients 
differed  significantly  from  normal  subjects  and  from  in¬ 
dividuals  suffering  acute  viral  infections.  These  differences 
included  an  increase  in  subpopulations  of  TS*  ceils  bear¬ 
ing  an  additional  cel]  surface  determinant.  Leu 7,  and  an 
increase  in  numbers  of  Leull*  cells.  This  finding  was  in 
marked  contrast  to  the  relative  infrequency  of  T8*Ln»7* 
cells  in  normal  subjects  [6J,  in  which  these  cells  constitute 
a  minor  subpopulation  of  TS*  cells.  Furthermore,  the  data 
suggest  that  evolution  of  the  immunodefkst..  t  state  may 
include  an  expansion  of  the  T8*Leu7*  subpopulation  in 
those  patients  with  ARC  who  progress  to  the  development 
of  AIDS  When  lymphopenia  develops  in  AIDS  patients, 
all  subpopulations  of  lymphocytes  are  depleted  and  even- 
ruaDy  only  TO**eu7*  cells  remain.  These  alterations  in  lym¬ 
phocyte  subpopulations  may  provide  new  does  to  under¬ 
standing  the  pathogenesis  of  AIDS 


Subjects  and  Methods 

Subjects.  Patients  with  AIDS  ARC,  and  viral  infec¬ 
tions  were  referred  for  cell  surface  phenotyping  tc  i.ie 
Howard  Hughes  Medical  Institute  flow  cytometry  facil¬ 
ity.  All  patients  with  AIDS  were  diagnosed  according  to 
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MOLECULAR  TECHNIQUES  IN  THE  STUDY  OF 
SALMONELLA  TiTHI  IN  EFiDEMIOLOGIC  STUDIES  IN 
ENDEMIC  AREAS:  COMPARISON  WITH  Vj  PHAGE  TYPING 

KEVIN  O'D.  MAHER.*  J.  GLENN  MORRIS,  JR..*  EDUARDO  GOTUZZO  .** 
CATTERJNE  FEARECCIO*  LINDA  R.  WAJLD.t  LUIS  BENAVENTE,** 

ROBERT  E.  BLACK.  *  BERNARD  ROWE.t  and  MYRON  M.  LEVINE* 

'Dtniion  of  Geographic  Medic  nr  and  Center  fee  Vaccine  Development.  Department  of  Medicine. 
University  of  Maryland  School  of  Medicine.  Baltimore.  Maryland.  ** Inst  nut  o  de  Medicina  Tropical 
"Alexaruler  Von  Humboldt.  "  Untrersidad  Peruana  Cayetano  Heredia.  Lima.  Peru,  and 
f  Dinstoa  of  Enteric  Pathogens.  Central  Public  Health  Laboratory.  Cohndair.  England 


Abstract.  We  examined  141  Salmonella  typhi  strains  of  known  phage  type  isolated 
during  ongoing  epidemiologic  studies  in  farm  ago,  Chile,  and  Lima,  Peru.  Plasmids  went 
present  in  12  (17%)  of  70  S.  typhi  isolates  from  Santiago  and  3  (7%)  of  71  isolates  from 
Lima;  these  plasmids  were  not  associated  with  antimicrobial  resistance.  Identical  21  kilo* 
base  (kb)  plasmids  (as  defined  by  restriction  endonuclease  digest  pattern)  we  ;  present  in 
13  of  the  17  plasmid-containing  isolates.  Virtually  identical  digest  patterns  m  ere  identified 
when  chromosomal  DNA  of  selected  strains  from  Santiago,  Lima,  and  the  Ini  ted  States 
was  extracted  and  then  digested  with  restriction  endonucleases.  The  mail,  rides  among 
plasmids  and  chromosomal  digest  patterns  emphasize  the  homogeneity  and ;  ossible  clonal 
origin  of  5.  typhi  isolates:  these  data  also  suggest  that  there  is  only  a  limited  n  le  for  plasmid 
and  chromosomal  analysis  as  a  substitute  for  phage  typing  in  epidemiolo?  -  studies. 


Typhoid  fever  is  a  major  urban  health  problem 
along  the  western  coast  of  South  America,  with 
reported  incidence  rates  of  130  and  212  cases/ 
100,000  in  Santiago  and  Lima,  respectively. 13 
Studies  of  the  epidemiology  of  typhoid  fever  in 
these  areas  are  notoriously  difficult  because  of 
the  multiplicity  of  vehicles  and  risk  factors  pres¬ 
ent  *•*  The  ability  to  differentiate  strains  based 
on  specific  epidemiologic  markers  is  critical  in 
such  studies;  unfortunately,  few  markers  for  Sal¬ 
monella  typhi  have  been  described,  with  Vi  phage 
typing  currently  providing  the  only  useful  means 
of  distinguishing  one  5.  typhi  strain  from  another. 
Molecular  genetic  techniques,  including  plasmid 
analysis  and  examination  of  restriction  endonu¬ 
clease  digest  patterns  of  chromosomal  DNA  have 
been  found  to  be  valuable  tools  in  epidemiologic 
studies  of  certain  other  bacterial  pathogens.  *■’ 
We  studied  selected  isolates  from  Chile  and  Peru 
to  determine  if  these  molecular  techniques  were 
useful  in  differentiating  5.  typhi  strains  beyond 
what  could  be  accomplished  with  Vi  phage  typ¬ 
ing  alone. 

Accepted  20  March  1°86. 


MATERIALS  AND  •  TTHOtXS 

S.  typhi  strains  from  Chile  were  randomly  se¬ 
lected  from  strains  isolated  from  pediatric  pa¬ 
tients  seen  at  the  Roberto  Del  Rio  Hospital  in 
Area  None,  Santiago,  between  January  and  June 
1983.  The  identification  of  the  isolates  was  con¬ 
firmed  by  the  Institute  of  Public  Health,  Santia¬ 
go,  and  isolates  were  phage  typed  by  the  Vi  phage 
typing  scheme  of  Anderson  and  Williams*  at  the 
Institute  of  Public  Health.  Santiago,  and  the  Di¬ 
vision  ofEnteric  Pathogens.  Central  Public  Health 
Laboratory,  Colin  dale,  England.  Strains  from 
Lima  were  isolated  from  pediatric  and  adult  pa¬ 
tients  between  February  and  December  1984  at 
die  Universidad  Peruana  Cayetano  Heredia. 
Lima;*  isolates  were  phage  typed  at  the  Central 
Public  Health  Laboratories,  Colindak.  Ameri¬ 
can  S.  typhi  strains  were  isolated  from  adult  pa¬ 
tients  in  Maryland  and  Texas. 

Plasmids  were  extracted  from  isolates  u$i  ng  an 
alkaline  extraction  procedure. <a  All  strains  con¬ 
taining  plasmids  were  tested  by  disc  difiusion  for 
susceptibility  to  ampicillin,  chloramphenicol, 
gentamicin,  and  trimethoprim/sulfamethoxa- 
zole.  Chromosomal  DNA  was  extracted  from 
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\umtxr  of  isolate!  »uh  specific  plasmids,  and  total  number  of  isolates  by  1 1  phage  type  and  arem  of  isolation 
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isolates  using  a  pb*-nol/chlorofonn  extraction 
procedure."  DNA  was  digested  with  restriction 
enzymes  (EroRI.  HindUl ,  5arnHI,  or  /NuU  3c- 
thesda  Research  Laboratories,  Inc.),  and  visu¬ 
alized  under  ultraviolet  tight  after  electropho¬ 
resis  in  0.7%  agarose  gels  and  staining  with 
ethidium  bromide. 

RESULTS 

Eleven  phage  types  were  represented  among 
70  5.  typhi  strains  isolated  from  patients  in  San¬ 
tiago.  Vi  phage  type  El  accounted  for  43%  and 
Vi  phage  type  46,  26%  of  isolates  (Table  l).Plss- 
mids  were  present  in  12  (17%)  of  the  70  strains. 
Two  distinct  plasmid  profiles  were  identified:  10 
isolates  had  a  single  21  Irilobase  (kb)  plasmid  and 
2,  a  37  kb  plasmid.  Isolates  with  the  21  kb  plas¬ 
mid  were  significantly  more  likely  to  be  of  Vi 
phage  type  31,  with  four  of  six  isolates  of  this 
phage  type  carrying  the  plasmid  (P  <  0.01,  Fish¬ 


er’s  exact  test,  two-tad).  All  plasmid-carrying 
strains  were  susceptible  to  the  four  antimicrobial 
agents  tested.  No  correlation  could  be  shown  be¬ 
tween  specific  plasmid  profiles  and  time  or  place 
of  Isolation  of  the  strain,  or  age  or  sex  of  the 
patient  from  whom  the  strain  was  isolated. 

Nine  phage  types  were  represented  among  the 
71  S.  ryphi  strains  isolated  from  patients  in  Lima. 
Vi  phage  type  M 1  accounted  for  30%  and  Vi 
phage  type  46  18%  of  typable  isolates  (Table  1). 
Plasmids  were  present  in  5  (7%)  of  the  71  strains. 
Three  plasmid  profiles  were  identified  among  the 
Peru  isolates:  3  isolates  had  a  single  21  kb  plas¬ 
mid,  1  a  57  kb  plasmid,  and  I  a  29  kb  plasmid. 
Presence  of  the  21  kb  plasmid  was  significantly 
associated  with  Vi  phage  type  33,  with  3  of  7 
isolates  of  this  phage  type  carrying  the  plasmid 
(P  <  0.01;  no  isolates  of  Vi  phage  type  51  were 
identified  among  the  Peru  isolates,  AH  strains 
carrying  plasmids  were  susceptible  to  antimicro¬ 
bial  agents  tested.  When  cut  with  each  of  three 
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Figum  I .  Chromosomal  imncnon  axkmudoae  digests  of  sHened  S  typhi  isolates:  *.  Lambda  HindlZX,  b. 
Isolate  A.  Chile.  HtrufiVl  digest  c.  Isolate  B.  Peru.  Htrjffll  digest  d.  Isolate  C  U.S..  ffiru/W  digest  e.  Isolate 
A,  Chile,  £roRJ  digest:  f.  Isolate  B.  Peru.  £VoRJ  digest  g.  Isolate  C.  L'-S..  £o>RI  digest  h.  Isolate  A.  Chile. 
Pvul]  digest  l  Isolate  B,  Peru,  Pvull  digest  j.  Isolate  C,  U-S-.  fvull  digest 


restriction  endonucleases  (HinJUl,  Eco Ri,  or 
BamHI)  21  kb  plasmids  identified  in  both  Lima 
and  Santiago  had  identical  restriction  fragments. 
Restriction  fragments  of  the  3?  kb  plasmid  iden¬ 
tified  in  Santiago  differed  from  those  of  the  Lima 
37  kb  plasmid. 

Chromosomal  DNA  was  extracted  from  32  S. 
typhi  strains  from  Chile,  28  strains  from  Peru. 


and  3  strains  from  the  United  Stairs.  Restriction 
endonuclease  digest  profiles  were  identical  for  all 
strains  alter  digestion  with  HirtJUl,  EcoRl,  or 
Sam  HI.  DNA  from  17  of  these  strains  (9  from 
Chile.  7  from  Pern,  and  I  from  the  United  States) 
was  also  cut  with  PvuO.  After  Prutt  digestion  it 
was  possible  to  identify  2  slightly  different  re¬ 
striction  profiles  (Fig.  1).  Both  profiles  were  pres- 
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ent  among  strains  from  Chile  and  Peru,  with  no 
apparent  correlation  between  either  of  the  pro* 
files  and  phage  type  or  source  of  the  isolate;  both 
profiles  were  present  among  isolates  having  the 
same  phage  type. 

DISCUSSION 

We  found  that  less  than  20%  of  antibiotic* 
sensitive  S.  typhi  strains  in  .Santiago  and  lima 
carried  plasmids,  in  keeping  with  previous  stud* 
ies  of  S.  typhi  from  these  snd  other  geographic 
areas.12  The  similarities  in  plasmid  sines  among 
Santiago  and  Lima  isolates  prompted  u*  to  fur* 
ther  characterize  the  plasm  ids  baaed  on  restric* 
tion  eadooucteaseditcae  pattern.  While  these  were 
differences  between  die  57  kb  plasmids  present 
in  the  two  cities,  the  21  kb  plasmids  found  in  13 
of  the  1?  plasmid-containing  strains  appear  to 
have  been  identiaL  These  data  emphaaae  the 
similarities  among  5.  typhi  strains  in  the  two 
areas,  and  the  apparent  lack  of  diversity  among 
plasmids  not  resistance  to  antitukro* 

bial  agents.  Similar  observations  have  been  made 
with  5.  typhi  antimicrobial  resistance  plasmids 
of  incompatibility  group  H„  with  one  study 
demonstrating  that  8  resistant  isolates  from  4 
different  geographic  areas  either  had  identical 
plasmids,  or  had  plasmids  that  were  very  similar 
based  on  sequence  homology. 11  limited  in  vitro 
studies  suggest  that  this  lack  of  diversity,  at  least 
among  resistance  plasmids,  is  the  resuh  of  plas¬ 
mid  instability  in  5.  typhi,  rather  than  an  inher¬ 
ent  barrier  to  the  entry  or  establishment  of  for¬ 
eign  plasmid  DNA.U 

In  this  study  for  the  first  time  chromosomal 
restriction  endonuclease  digests  of  S.  typhi  strains 
were  systematically  examined.  In  contrast  to  ob¬ 
servations  made  with  other  species, v’  the  chro¬ 
mosomal  patterns  of  our  isolates  were  almost 
identical.  We  were  able  to  demonstrate  differ¬ 
ences  between  strains  with  only  1  of  the  4  re¬ 
striction  enzymes  used;  differences  that  wen  ob¬ 
served  were  minor,  with  only  2  different  patterns 
noted  among  the  isolates  studied.  In  contrast, 
each  of  4  5.  paratyphi  A  strains  from  Lima  stud¬ 
ied  at  the  same  time  had  a  distinct  digest  patient 
(K.  013.  Maher,  personal  communication)  Pre¬ 
vious  investigators  have  noted  the  striking  bio¬ 
chemical  and  serological  similarities  among  5. 
typhi  strains  isolated  in  different  geographic  areas, 
and  proposed  that  S.  typhi  strains  represent  a 
“clone’*  that  has  retained  a  remarkable  degree  of 


homogeneity,  despite  worldwide  distribution  of 
the  disease;1*  our  observations  support  this  con¬ 
cept. 

While  plasmid  profiles  may  be  of  use  in  out¬ 
break  situations  or  in  following  transmission  of 
a  specific  strain  in  a  community  (provided  the 
strain  carries  a  plasmid),  our  data  make  it  dear 
that  plasmid  analysis  cannot  be  a  substitute  for 
a  general  typing  scheme  such  as  phage  typing. 
The  association  between  plasmids  and  specific 
phage  types  is  a  further  disadvantage  from  an 
epidemiologic  viewpoint,  with  plasmid  profiles 
providing  little  help  in  subdividing  the  major  Vi 
phage  groups  such  as  El.  Similarly,  chromo¬ 
somal  restriction  endonuclease  digests  do  not  ap¬ 
pear  to  be  a  useful  epidemiologic  tool  for  inves¬ 
tigation  of  S.  typhi  outbreaks.  However,  further 
molecular  studies,  including  studies  of  isolates 
from  other  geographic  areas,  may  provide  some 
insight  into  the  observed  lack  of  diversity  among 
plasmids  in  antibiotic-sensitive  S.  typhi  strains, 
and  into  the  phytogeny  and  possible  dooal  origin 
of  the  organism. 
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The  widely  available  heat-phenol-inactivated  whole  cell  typhoid 

'  i 

vaccine,  which  provides  approximately  65\  protection,  has  l.united 
usefulness  because  of  the  adverse  reactions  it  evokes.  In  cu.trast, 
several  new  typhoid  vaccines  premise  prctecticr  without  reactogenicity. 
Attenuated  oral  vaccine  Ty21a  has  been  evaluated  in  three  field  trials  of 
efficacy  in  Santiago,  Chile,  involving  450,000  schoolchildren,  'ihree 
dcses  of  Ty21a  in  an  enteric-coated  fomilaticn  given  within  one  week 
provided  67%  efficacy  for  at  1  ast  three  years.  Less  protection  followed 
administration  of  fewer  doses,  while  adding  a  fourth  dose  significantly 
enhanced  protection;  increasing  the  interval  between  doses  did  not  improve 
protection.  Large-scale  vaccination  with  Ty21a  appeared  to  cause  a  herd 
immunity  effect.  Ty21a  has  reached  the  stage  of  being  a  practical  public 
health  tool.  Regarding  other  vaccines,  the  safety  and  imnunogenicity  of 
an  auxotrophic  (Aro-,  Pur-)  S.  typhi  mutant  {strain  541Ty)  has  recently 
bean  demonstrated.  Lastly,  parenteral  purified  Vi  polysaccharide  of  S. 
tyshi,  shown  to  be  safe  and  immunogenic  in  young  adults,  is  being 


evaluated  for  efficacy  in  controlled  field  trials. 
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INTPQCUCTION 

Typhoid  fever  remains  an  important  public  health  problem  in  many 

•  *  j 

less-developed  regions  of  the  world  und  poses  a  risk  for  travelers  from 
industrialized  countries  who  visit  such  endemic  regions  (1-4).  In  ' 
virtually  all  endemic  areas  the  incidence  rates  for  typhoid  fever  are 
highest  in  children  5-19  years  of  age,  i.e.  schoolchildren  (5-9).  This  is 
of  potential  relevance  in  the  control  of  typhoid,  since  schoolchildren 
represent  a  "captive"  population  amenable  to  school-based  immunization 
programs. 

Field  Trials  with  Parenteral  Killed  Whole  Cell  Typhoid  Vaccines 

Parenteral  killed  whole  cell  typhoid  vaccines,  available  since  1896 
(10-12),  have  been  used  throughout  this  century.  In  the  1950s  and  1960s 
the  World  Health  Organization  sponsored  a  series  of  large-scale  field 
trials  in  several  countries  to  assess  the  efficacy  of  various  types  of 
parenteral  killed  whole  cell  vaccines.  In  the  first  of  these  trials,  in 
Yugoslavia,  a  fluid  heat-inactivated,  phenol-preserved  parenteral  vaccine 
was  found  to  be  superior  in  protective  efficacy  in  comparison  with  an 
alcohol -inactivated  and  preserved  vaccine  (13-14). 

Shortly  after  results  of  the  above  field  trials  in  Yugoslavia  became 
available,  the  Walter  Reed  Army  Institute  of  Research  in  Washington,  D.C. 
prepared  for  the  Wbrld  Health  Organization  two  lycphilized  reference 
vaccines  for  use  in  several  additional  field  trials  (15).  These  included 
a  heat-phenol-inactivated  and  an  acetone-inactivated  vaccine,  referred  to 
respectively  as  L  and  K  vaccines.  The  reference  L  and  K  vaccines  were 


evaluated  together  in  randomized,  controlled,  double-blind  trials  in 
Yugoslavia  and, Guyana  (16,17);  in  addition,  the  K  vaccine  was  tested  for 
efficacy  in  controlled  trials  in  Boland  and  the  L  vaccine  in  the  O.S.S.R. 
(18,19).  Results  of  these  trials  are  surrarized  in  Table  1.  While  both 
reference  vaccines  conferred  significant  protection  in  the  field  trials  in 
Yugoslavia  and  Guyana,  the  K  vaccine  was  found  to  provide  significantly 
superior  protection  than  the  L  vaccine.  In  three  separate  trials ,  L 
vaccine  conferred  51%  (Yugoslavia),  66%  (U.S.S.R.),  and  67%  (Guyana) 
protection  (Table  1). 

Although  somewhat  more  efficacious,  the  acetone-inactivated  vacdr*  is 
largely  unavailable.  Of  the  manufacturers  of  parenteral  killed  whole  cell 
typhoid  vaccines  listed  in  the  WHO's  International  List  of  Availability  of 
Vaccines  and  Sera  (21),  40  make  the  heat-phenol -inactivated  variety  while 
only  three  manufacture  the  lycphilized  acetone- inactivated  vaccine. 
Moreover,  because  of  the  high  rates  of  adverse  reaction  that  they  elicit, 
parenteral  killed  whole  cell  typhoid  vaccines  are  rarely  used  by  any 
country  in  systematic  typhoid  fever  control  programs  (with  the  possible 
exception  of  Thailand).  A  sunmary  of  the  adverse  reaction  rates 
encountered  in  the  VEO-sponsored  field  trials  of  X  and  L  vaccines  in 
Yugoslavia  (16),  Guyana  (21),  and  the  U.S.S.R.  (19)  are  shown  in  Table  2. 

Oral  Killed  Whole  Cell  Vaccines 

It  has  been  known  for  many  decades  that  killed  whole  S.  typhi  can  be 
safely  given  by  the  oral  route  without  eliciting  adverse  reactions,  in 
contrast  with  their  reactogenicity  when  administered  parenterally. 

However,  in  both  experimental  challenge  studies  in  volunteers  and  in 
controlled  field  trials  in  endemic  areas,  killed  whole  cell  vaccines  given 
orally  have  provided  little  if  any  protective  efficacy  (22-26). 
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New  Typhoid  Vaccine  Candidates 

Several  new  candidate  typhoid  vaccines  have  emerged  that  offer  the 

*  i 

promise  of  significant  protection  without  causing  notable  adverse 
reactions.  These  include  two  attenuated  S.  typhi  strains  used  as  live 
oral  vaccines  (strains  iy21a  and  541Ty)  and  a  purified  subunit  parenteral 
vaccine  consisting  of  the  Vi  polysaocharide  of  S.  tyohi.  The  state  of 
development  of  these  vaccines  is  reviewed  below. 

DEVELCPHENT  OF  TY21A  LIVE  ATTENUATED  CRAL  VfCCIKS 

Volunteer  Studies  with  Ty21a 

An  important  advance  for  the  potential  control  of  typhoid  fever  was 
the  development  by  German ier  and  Fbrer  (27)  of  an  attenuated  strain  of  S. 
typhi,  Ty21a,  that  can  be  utilized  as  a  live  oral  vaccine.  In  preliminary 
studies  in  adult  volunteers  in  North  America,-  Ty21a  was  found  to  cause  no 
adverse  reactions,  to  be  genetically  stable,  and  to  significantly  protect 
against  experimental  infection  with  an  inoculum  of  pathogenic  S.  typhi 
that  caused  typhoid  fever  in  53%  of  control  volunteers  (28) . 

Egyptian  Field  Trial  of  Ty21a 

Based  on  these  highly  encouraging  observations  in  adult  volunteers, 
Ty21a  vaccine  was  evaluated  for  efficacy  by  Wahdan  et  al  (29,30)  in  a 
placebo-controlled,  randomized,  double-blind  trial  in  Alexandria,  Egypt. 

In  this  trial,  three  doses  of  Ty21a  vaccine  (1-3  x  10''  viable  vaccine 
organisms  per  dose)  or  placebo  were  given  to  schoolchildren  on  Monday, 
Wednesday,  and  Friday  of  one  week.  Prior  to  ingestion  of  vaccine  or 
placebo,  children  chewed  a  tablet  containing  1.0  gm  of  NaHGO^  (to 
neutralize  gastric  acid).  Each  dose  of  lyophilized  vaccine  or  placebo  was 
contained  within  glass  vials  in  vacuo.  The  vials  were  opened,  the 
lyophilate  reconstituted  in  the  field  with  diluent,  and  the  liquid  vaccine 
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(cr  placebo)  suspension  given  to  the  child  a  few  minutes  after  the  child 
ingested  the  tablet.  Passive  surveillance  failed  to  identify 

notable  adverse  reactions  in  the  Egyptian  schoolchildren,  corroborating 
the  safety  of  the  live  oral  vaccine. 

Daring  the  36  month  period  of  surveillance  in  Alexandria,  the  vaccine 
efficacy  was  96%  (Table  3)  (29). 

Field  Trials  of  Ty21a  in  Santiago,  Chile 

Rationale 

Shortly  after  the  Egyptian  field  trial  established  the  biological 
safety  and  efficacy  of  Ty21a  in  schoolage  children  in  an  endemic  area,  the 
Swiss  Serna  and  Vaccine  Institute  made  a  formulation  of  vaccine 
ctroercially  available  which  consisted  of  two  gelatin  capsules  each 
containing  0.4  gm  of  NaHOCL  and  a  third  gelatin  capsule  containing 
lycphiiized  vaccine.  Although  this  formulation  resembled  that  used  in  . 
Alexandria,  Egypt,  it  was  clearly  not  identical.  Despite  the  highly 
encouraging  results  in  the  first  field  trial  in  Egypt,  it  was  obvious  that 
additional  information  had  to  be  obtained  before  the  Ty21a  live  oral 
vaccine  could  be  employed  as  a  practical  public  health  tool.  Some  of  the 
critical  questions  yet  to  be  answered  included: 

1)  what  was  the  efficacy  of  Ty21a  when  administered  in  a  formulation  such 
as  enteric-coated  capsules  that  does  not  require  pretreatmsnt  with 
SaHX),? 

2)  Could  fewer  doses  (one  or  two)  than  used  in  Alexandria  provide  a 
satisfactory  level  of  protection? 

2)  what  level  of  protection  would  iy21a  provide  in  areas  with  incidence 
rates  of  typhoid  fever  mich  higher  than  the  <4-50  cases/loVyear  that 
prevailed  during  the  trial  in  Alexandria? 
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4)  What  was  the  efficacy  of  the  cccmercial  formulation  consisting  of 
gelatin  capsules  containing  NaHOO^  and  lycphi lized  vaccine  that  was 
marketed  after  the  Egyptian  field  trial? 

5)  Could  prolongation  of  the  interval  between  the  doses  anharce  the 
immunogenicity  of  the  vaccine? 

6)  Could  an  immunologic  assay  be  identified  that  would  correlate  with 
levels  of  vaccine  efficacy  in  field  trials  and  could  therefore  be  used  to 
predict  the  effect  of  changes  in  formulation  and  iimunization  schedules? 

In  order  to  answer  these  questions,  four  separate  field  trials  of 
efficacy  were  carried  out  in  Santiago,  Chile.  These  trials  represent  a 
collaborative  effort  involving  the  Ministry  of  Health,  Santiago,  Chile, 
the  Center  for  Vaccine  Development  of  the  University  of  Maryland  School  of 
.'  tdicine,  the  Pan  American  Health  Organization,  the  World  Health 
Organization,  the  Swiss  Serum  and  Vaccine  Institute,  and  the  Walter  Reed 
Army  Institute  of  Research. 

F£eld_Trial__Designs 

The  first  two  field  trials  were  placebo-controlled  ard  were  initiated 
in  the  Northern  (Area  Norte)  and  Western  (Area  Occidente)  adninistrative 
areas  of  Santiago  in  1982  and  1983,  respectively.  The  third  field  trial 
was  begun  in  the  Southern  (Area  Sur)  and  Central  (Area  Central) 
aaninistrative  areas  of  Santiago  in  1984.  Santiago,  Chile  was  selected  as 
the  site  for  these  field  trials  because  of  the  combination  of  high 
endemicity  of  typhoid  fever  (the  annual  incidence  rate  from  1977  to  1981 
exceeded  150  cases  per  10  5  population)  (31),  the  presence  of  a  reknowned 
health  care  infrastructure  (the  National  Health  Service),  a  strong 
commitment  on  the  part  of  the  Ministry  of  Health  towards  innovative 
methods  to  control  typhoid  fever,  and  a  long  history  of  school-based 
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vaccinativji  programs. 

Only  children  of  consenting  parents  entered  the  studies  and  were 
*  t 

randomized  to  the  various  cells  of  the  trials.  Pertaining  children  of 
non-consenting  parents  were  also  kept  under  surveillance  and  served  as 
unvaccinated  controls. 

Since  typhoid  fever  exhibits  a  marked  seasonality  (Noverrber  to  April) 
in  conjunction  with  sunner  in  Santiago  (31),  the  vaccinations  were  limited 
to  the  cool  months  of  the  year  (May  to  October) .  Computerized  data  files 
were  generated  from  the  completed  class  lists. 

Only  fcacteriologically-oorifinned  cases  (i.e.  these  fran  whom  S.  typhi 
was  isolated  from  blood,  bone  marrow,  or  bile-stained  duodenal  fluid)  were 
utilized  in  computations  of  vaccine  efficacy.  Therefore  considerable 
resources  were  directed  toward  hacterioiogic  confirmation  of  suspect 
cases.  Children  admitted  to  hospital  with  a  clinical  suspicion  of  typhoid 
fever  had  three  4  ml  blood  cultures  and  one  bone  marrow  culture  obtained 
(32),  while  those  presenting  to  the  ccnsultorios  (health  centers)  as 
outpatients  with  suspect  typhoid  rever  had  two  6  ml.  blood  cultures  drawn 
30  minutes  apart. 

Chronologically,  the  Area  Norte  field  trial  preoeeded  the  Area 
Oocidante  field  trial.  However,  for  purposes  of  clarity  of  presentation, 
the  sequence  of  presentation  of  data  will  be  Area  Occidente,  followed  by 
Area  Norte,  and  finally  Area  Sur  and  Central. 

A r  ea_Oaoi_d^it^e_Fi_eld_T£ial 

Parents  of  96%  of  the  141,127  children  in  Area  Occidente  consented  for 
their  children  to  participate.  These  were  thereupon  randomized  to  one  of 
five  groups  to  receive: 
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Grc up  1  -  Three  doses  of  vaccine  in  enteric- coated  capsules  given  with  an 
interval  of  two  days  between  the  doses. 

t 

Group  2  -  Three  doses  of  vaccine  with  NaHOO^  given  with  an  interval  of 
two  days  between  the  doses.  The  ccnroercial  gelatin  capsule  fomulation 
was  used  which  consisted  of  two  gelatin  capsules  each  containing  0.5  gm  of 
NaHCDj  and  a  third  gelatin  capsule  containing  lyophilized  vaccine. 

Group  3  -  Three  doses  of  vaccine  in  enteric-oca  ted  capsules  with  an 
interval  of  ;1  days  between  the  dcses. 

Group  4  -  Three  doses  of  the  ccmnercial  gelatin  capsule  formulation  with 
an  interval  of  21  days  between  the  doses. 

Group  5  -  Three  doses  of  placebo  given  with  an  interval  of  two  days 
between  the  dcses. 

9 

Mass  administration  of  vaccine  (containing  1-3  x  10  viable  vaccine 
organisms  per  dose)  or  placebo  was  carried  out  between  mid  July  and  mid 
September,  1983  and  surveillance  began  on  September  21,  1983.  In  total, 
109,594  children  received  all  three  scheduled  doses  of  vaccine  or  placebo. 

Results  of  three  years  of  surveillance  in  the  Area  Occidente  field 
trial  are  shown  in  Tables  4  and  5.  The  main  points  are: 

1)  The  enteric-coated  formulation  was  very  significantly  superior  to  the 
gelatin  capsule/NaHCD^  formulation  (Table  4). 

2)  Increasing  the  interval  between  doses  to  21  days  offered  no  advantage 
to  administering  all  three  doses  within  one  week  (Table  4). 

3)  The  level  of  protection  (67%  vaccine  efficacy)  conferred  by  the  best 
regimen  in  the  Occidente  field  trial  (three  doses  of  enteric-coated 
capsules  r-iven  within  one  week)  persisted  for  at  least  three  years  of 
surveillance  (Table  5). 

Surveillance  is  being  maintained  in  Area  Occidente  to  determine  if  the 
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efficacy  cf  Ty21a  can  endure  for  more  than  three  years.  Hi  is  information 
is  critical  fcjr  public  health  authorities  to  design  typhoid  control 
programs  based  on  the  systematic  use  of  Ty21a. 

Araa_Norte_Fi_eld_Trial 

Parents  of  92,356  of  the  137,697  schoolchildren  in  Area  Norte 
consented  for  their  children  to  participate  and  they  were  randomized  to 
one  of  three  groups  to  receive: 

g 

1)  Two  doses  of  Ty21a  vaccine  in  enteric-coated  capsules  (1-3  x  10 
organisms  per  dose) . 

2)  One  dose  of  vaccine  and  one  dose  of  identical  appearing  placebo. 

3)  Two  doses  of  placebo. 

The  two  doses  of  vaccine  or  placebo  were  given  to  the  children  one 
week  apart  in  May  and  June,  1982  and  surveillance  began  on  July  1,  1982. 

Results  of  the  Area  Norte  field  trial  are  shown  in  Table  6.  The  main 
points  include: 

1)  Two  doses  of  enteric-coated  vaccine  provided  moderate  (48—72%  J 
protection  for  a  period  of  two  years.  However,  the  efficacy  then  dropped 
to  21%  in  the  third  season  and  was  non-existent  by  the  fourth  season  of 
surveillance. 

3)  A  single  dose  of  vaccine  in  enteric-ccated  capsules  provided  low 
levels  of  protection  (16-39%)  for  two  years  but  by  the  third  year  of 
surveilla  so*  no  further  efficacy  was  demonstrable. 

These  data  demonstrate  that,  when  adhiinistered  in  enteric-coated 
capsules,  Ty21a  provides  insufficient  levels  of  protection  when  given  as 
only  cr.e  or  two  doses. 

Area  Sur  and  Area  Central  Field  Trials 


A  third  field  tried  was  undertaken  in  1984  in  Areas  Sur  and  Central 
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where  247,561  children  were  randomized  to  receive  either  two,  three  or 

9 

four  doses  of  £y21a  vaccine  (1-3  x  10  viable  vaccine  organises  per 
dose)  in  enteric-coated  capsules  with  all  doses  of  vaccine  being 
adninistered  within  a  period  of  eight  days  in  Septenber  and  October, 

1984.  No  placebo  control  group  was  included  in  this  trial  in  which 
surveillance  began  cn  November  1,  1984. 

Results  of  surveillance  of  typhoid  fever  through  two  seasons  are  shown 
in  Tahle  7.  In  this  trial  the  incidence  of  typhoid  fever  in  recipients  of 
three  doses  of  Ty21a  in  enteric-coated  capsules  was  only  slightly  lower 
than  the  incidence  in  children  who  received  two  doses  of  vaccine.  In 
contrast,  the  incidence  of  typhoid  fever  in  recipients  of  four  doses  of 
vaccine  was  very  significantly  lower  than  the  rates  in  children  who 
received  two  or  three  doses. 

ArMjSurjDrienteJ.’rial 

In  October,  1986,  a  fourth  field  trial  was  initiated  in  the  Area  Sur 
Oriente  and  Area  Norte  administrative  areas  where  children  received  within 
one  week  three  doses  of  Ty21a  or  placebo  in  either  enteric-coated  capsules 
or  in  a  liquid  formulation.  Results  of  this  trial  (available  in  1988) 
should  answer  the  question  of  whether  a  liquid  formulation  of  Ty21a, 
similar  to  what  was  used  in  Egypt,  is  inherently  superior  to 
enteric-coated  capsules.  This  trial  will  also  provide  information  on  the 
absolute  efficacy  conferred  by  each  formulation  of  vaccine. 

A  field  trial  similar  in  design  to  the  above,  using  the  identical 
liquid  and  enteric- coated  capsule  formulations  of  Ty21a,  is  conacmitantly 
being  carried  out  in  Plaju,  Indonesia,  under  the  auspices  of  the 
Indonesian  National  Institute  of  Health  and  Ministry  of  Health  with 
collaboration  of  the  U.S.  Naval  Medical  Research  Unit,  Djakarta,  the  World 
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Health  Organization,  and  the  Swiss  Serum  and  Vaccine  Institute. 

j^dandologic  Eyi_dar^a_for_a  ^Herd  Immunity^  f^^J^sacuent  to_the_ 
Hrcad_A5plitttion_of  Ty21a  Vaccine 

Analysis  of  the  incidence  rate  of  typhoid  fever  in  the  placebo  control 
group  in  the  first  field  trial  of  Ty2ia  in  Area  So roe,  Santiago  provides 
sate  fascinating  insights  on  what  might  be  expected  from  the  systematic 
wide-scale  application  off  Ty2ia  live  oral  vaccine  in  typhoid  fever  control 
programs.  As  seen  in  Table  6,  the  incidence  rate  in  the  randomized 
control  group  in  the  first  year  of  surveillance  was  210  cases/105 
schoclchildren.  This  rate  of  culture-confirmed  cases  is  similar  to  the 
reported  rate  for  schoolchildren  in  Area  Norte  in  the  period  1977-1981, 
prior  to  the  field  trial;  however,  at  that  tine  cases  were  not 
fcacceriologically  confirmed. 

Surveillance  of  the  second  typhoid  season  in  Area  Norte  took  place 
after  rest  of  the  children  in  adjacent  Area  Occident®  had  been  given 
vaccine  as  part  of  the  second  field  trial  of  Ty21a.  The  incidence  rate  in 
the  placebo  control  group  in  Area  Norte  in  this  second  year  of 
surveillance  fell  to  141  cases/105  (Table  S). 

Shortly  before  the  third  typhoid  season  of  surveillance  began  in  Area 
Norte,  core  than  247,000  children  in  Areas  Sur  and  Central  were  given  two, 
three  or  four  doses  of  vaccine.  In  this  third  year  of  surveillance  the 
incidence  in  the  placebo  group  in  Area  Norte  fell  even  further  to  69 
cases/105  (Table  6) .  A  rate  this  low  had  net  been  encountered  in  Area 
Ncrte  for  decades. 

The  fourth  year  of  surveillance  in  the  Area  Norte  field  area  occurred 
during  a  year  when  no  further  trials  were  carried  cut  in  Santiago. 

Notably,  in  that  fourth  year  the  incidence  of  typhoid  fever  in  the  placebc 
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control  group  did  not  fall  further.  Rather,  the  incidence,  78 
cases/105,  closely  resembled  that  of  the  previous  year  (Table  6). 

In  the  course  of  the  first  three  field  trials  in  Santiago, 
approximately  65%  of  the  schoolchildren  in  the  city  have  participated, 
many  having  received  an  efficacious  formulation  and  number  of  doses  of 
vaccine.  Thus,  on.*  interpretation  of  the  sharp  decrease  in  incidence 
rates  in  the  placebo  control  group  in  the  Area  Norte  trial  is  that  this  is 
the  consequence  of  the  mass  application  of  Ty21a  vaccine  in 
schoolchildren. 

Correlation  of__IgGJEI.ISAj5^  typhi  0  Antibody_with  Ef ficacy_in  Field 

Trials 

Serologic  studies  have  been  carried  out  in  healthy  Chileans,  age  17-21 
years,  who  received  Ty21a  in  one  of  tvo  formulations  and  in  various 
immunization  schedules.  Serum  Ig£  and  IgA  antibodies  to  S.  typhi  0 
antigen  have  been  measured  before  and  after  vaccination  by  an  5LISA  that 
has  been  described  in  detail  (32).  New  that  results  of  the  field  trials 
are  available,  it  has  became  possible  to  relate  seroconversion  rates  to 
vaccine  efficacy;  these  comparison?;  are  simrrarized  in  Table  3.  It  is 
obvious  that  there  exists  a  positive  correlation  between  the 
seroconversion  rate  of  IgG  S.  typhi  0  antibody  and  vaccine  efficacy  in  the 
field. 

Ty21a  Vaccine  in  Perspective 

The  great  advantage  of  iy21a  live  oral  typhoid  vaccine,  in  comparison 
with  parenteral  killed  whole  cell  vaccines,  is  that  it  provides 
significant  protection  without  causing  adverse  reactions  (34).  A  wealth 
of  evidence  f ran  volunteer  studies  (28)  and  from  some  of  the  largest 
vaccine  field  trials  ever  carried  out  attest  to  the  biological  activity  of 
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this  atteroiated  strain  in  providing  protection  against  typhoid  fever. 
Considerable  resources  have  been  expended  in  afctenpts  to  identify  an 

*  j 

effective  and  practical  formulation  and  dosage  schedule  for  Ty21a.  After 
a  series  of  fielo  trials  in  Egypt  and  Chile,  info  oration  has  now  been 
accrued  demonstrating  both  the  advantages  as  well  as  the  limitations  of 
Ty2La. 

Field  trials  in  Chile  have  shown  that  Ty21a  in  enteric-coated  capsules 
is  significantly  more  protective  than  vaccine  administered  in  the  gelatin 
capsule/MaEQO^  formulation.  These  results  corroborate  a  retrospective 
study  reporting  poor  efficacy  for  the  gelatin  capsule/NaHC&j  formulation 
(35)  which  prior  to  the  Chilean  trial  had  not  been  field  tested. 

Following  results  of  the  Chilean  field  trials,  production  of  the  gelatin 
cspsuIe/NaHCDj  formulation  was  discontinued  and  replaced  commercially  by 
the  enteric-coated  capsule  formulation. 

In  the  Chilean  trials,  three  doses  of  an  enteric-coated  formulation  of 
Ty2ia  given  within  one  week  provided  67%  protection  for  at  least  three 
years  (Table  5).  This  level  of  vaccine  efficacy  is  equal  to  the 
protection  conferred  by  the  highly  reactogenic  liquid 
heat-phenol -inactivated  parenteral  vaccine,  the  only  other  widely 
available  effective  vaccine  (16,17,19,  Table  1).  The  phenol-inactivated 
vaccine,  which  causes  notable  adverse  reactions  in  approximately  25%  of 
recipients,  must  be  administered  by  needle  and  syringe  or  jet  gun.  Thus, 
Ty21a  is  distinctly  more  advantageous  because  it  causes  no  discernible 
adverse  reactions  and  is  easy  to  administer  to  schoolchildren  in  mass 
vaccinations  (34).  In  our  estimation,  this  clearly  makes  Ty21a  at  present 
the  vaccine  of  choice  for  any  country  intending  to  embark  on  a  systenatic 
typhoid  fever  control  program. 
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The  67%  protection  conferred  for  at  least  three  years  by  three  doses 
of  enteric-coated  capsules  given  within  one  week  in  Area  Occidente  in 
Santiago,  Chile  is  less  than  the  impressive  96%  efficacy  over  three  years 
provided  by  a  liquid  formulation  in  Alexandria,  Egypt.  Besides  the' 
obvious  differences  in  vaccine  formulation  and  genetic  constitution  of  the 
populations,  other  factors  may  have  contributed  to  the  difference  in 
results.  For  example ,  the  mean  annual  incidence  rate  in  the  placebo 
control  group  in  t±*  Occidente  trial  (103/105/year)  was  twice  as  high  as 
the  mean  annual  incidence  rate  in  the  placebo  group  in  the  Alexandria 
trial  (46/10**),  suggesting  that  force-of  infection  and  nodes  of 
transmission  may  differ  between  the  two  sites.  A  fourth  field  trial 
currently  underway  in  Chile,  and  a  trial  of  similar  design  in  Indonesia, 
will  directly  answer  the  question  of  the  relative  efficacy  of  enteric 
coated  capsules  versus  a  liquid  formulation. 

Widespread  vaccination  with  Ty21a  apparently  created  a  "herd  imtmLty'* 
effect  in  which  the  incidence  increasingly  dropped  in  the  control  group  in 
the  first  field  trial  area  as  children  in  other  areas  of  the  city  were 
vaccinated.  These  observations  support  the  contention  that  Ty21a  live 
oral  vaccine,  while  not  the  ideal  anti-typhoid  vaccine,  is  nevertheless  a 
credible  weapon  tc  be  employed  in  systematic  typhoid  fever  control 
programs.  Since  man  is  the  only  reservoir,  as  well  as  die  only  natural 
host,  of  this  infection,  this  approach  is  epidemiological ly  rational. 

The  multiple  field  trials  of  efficacy  of  Ty21a  that  have  been  required 
so  far  to  generate  the  information  necessary  to  determine  how  to  use  this 
vaccine  as  a  public  health  tool  are  reminiscent  of  the  series  of  field 
trials  undertaken  oy  WHO  over  a  period  of  more  than  15  years  to  accrue 
similar  infonraticr.  for  the  parenteral  killed  whole  cell  vaccines.  Until 
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a  superior  formulation  of  Ty21a  is  identified,  or  Ty21a  is  surpassed  by 
another  typhoid  vaccine,  the  information  row  available  should  allow  public 
health  authorities  to  utilize  Ty21a  in  enteric-coated  capsule  forsulation 
as  a  tool  in  national  typhoid  fever  control  programs. 

DEVT-LCPMSTT  OF  jQSTRGPHIC  ARQ-,  KJR-  MUTANTS  Of  S.  TYPBI  AS  LIVE  OPAL 
VACCINES 

Vaccine  strain  541Ty  was  derived  by  Stocker  and  cowcrkers  (36)  frcm  a 
wild  strain  of  S.tychi  by  transducing  deletions  in  two  separate  genes, 
each  previously  characterized  in  S.  typhimurium  and  affecting  a  different 
pathway  such  that  the  mutations  cause -requirements  for  metabolites  that 
are  unavailable  in  mairmalian  tissues  and  intercellular  fluid.  The 
deletion  nutation  of  gene  aroA  creates  a  requirement  for  several  aromatic 
car-pounds,  including  p-arainobenzoic  acid  and  2,4-dihydrcacybezoic  acid, 
which  are  not  mammalian  metabolites.  The  second  deletion  mutation,  at 
gene  ourA,  causes  a  specific  requirement  for  adenine  (or  an  assimilable 
compound  such  as  adenosine)  (37).  These  nutritional  requirements  render 
strain  541Ty  unable  to  sustain  growth  in  mammalian  tissues.  Strain  543iy 
is  a  derivative  of  541Ty  that  Lacks  the  Vi  antigen. 

Strain  541Ty  or  543iy  were  administered  orally  with  JJaEGO^  to  33 
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healthy  young  adult  volunteers  in  single  doses  of  10  ,  10  ,  or  10 

Q 

organisms,  while  four  additional  vaccinees  ingested  two  2  x  10  organism 
doses  four  days  apart,  in  preliminary  evalutions  of  the  safety  and 
iomunogenicity  of  the  vaccine  strains  (33).  notable  adverse  reactions 
such  as  fever,  diarrhea,  vomiting,  or  abdaninal  discomfort  were  observed 
during  15  days  of  surveillance  in  a  Research  Ward  or  for  two  weeks 
thereafter.  Vaccine  organisms  were  recovered  from  coproailtures  of  29  of 
37  vaccinees  (78% )  and  fran  duodenal  cultures  of  two  individuals;  in 
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contrast,  repeated  blood  cultures  were  negative.  The  humoral  antibody 

response  to  S%  typhi  0  and  H  antigens  in  serun  and  intestinal  fluid  was 

meager;  no  vaccinees  had  rises  in  serum  antibody  to  S.  typhi  Vi  or  lysate 

antigen.  However,  all  vaccinees  manifested  cell-mediated  immune  ' 

g 

responses.  After  vaccination,  72%  of  recipients  of  doses  of  >10 
vaccine  oragnisas  responded  to  S.  typhi  particulate  or  purified  O 
polysaccharide  antigens  in  lymphocyte  replication  studies  but  not  to 
antigens  of  other  Salmonella  or  Escherichia  coli.  All  individuals,  after 
vaccinaticn,  demonstrated  a  significant  plasma-dependent  mononuclear  cell 
inhibition  of  wild  S.  typhi.  These  preliminary  results  suggest  that  Aro- 
auxotrophic  mutants  of  S.  typhi  are  safe  and  immunogenic  oral  vaccines  i-, 
man  and  are  worthy  of  expanded  clinical  trials.  The  possible  advantage  of 
strain  541Ty,  should  it  prove  to  be  protective,  is  that  its  method  of 
preparation  involves  the  creation  of  precise  deletion  mutations  in 
specific  genes  that  do  not  otherwise  affect  the  antigenic  make-up  of  the 
S.  typhi. 

ATTENUATED  S.  TYPHI  VACCINE  STRAPS  EXPRESSING  GENES  OF  OTHER  ORGANISMS 
Because  they  are  co  well-tolerated  and  stimulate  both  humoral  and 
cell-mediated  immune  responses  (33,  38-41),  attenuated  S.  typhi  oral 
vaccines  are  attractive  as  carriers  of  critical  genes  of  other  organisms. 
The  expression  of  foreign  genes  in  strains  such  as  Ty2ia  results  in 
bivalent  vaccines.  Ty21a,  for  example,  has  been  modified  to  express 
Shigella  sonnei  0  antigen  (42),  the  B  subunit  of  E.  coli  heat-labile 
enterotcocin  (43),  colonization  factor  antigen  I  (44),  and  Vibrio  cholerae 
antigens  (45).  In  each  of  these  instances  Ty21a  contains  a  plasmid 
encoding  the  relevant  antigen  of  another  enteropathogen.  The  bivalent 
typhi/S.  sonnei  vaccine  has  undergone  extensive  clinical  testing  in  humans 
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and  is  safe,  inminogeruc  and  protective  (although  lot-to-lot  variation  Has 
been  described)  (46,47).  Ty2La  expressing  V.  cholerae  Inaba  0  antigen  Has 
been  found  to  be  well-tolerated  and  to  stimulate  circulating  and  local 
intestinal  antibodies  to  both  typhi  and  V.  cholerae  0  antigens  (48). 
DEVELOPMENT  OF  HIGHLY  PURIFIED  VI  PCLYSPgHARIDE  AS  A  PARENTERAL  TYPHOOg 
vaocrNS 

The  Vi  polysaccharide  of  S.  typhi  is  a  hanopolymer  of  alphas, 4 
2-deoxy-2-N-aaetyl  galacturonic  acid  that  covers  the  bacteria  as  a 
capsular  antigen  and  is  a  known  virulence  property.  The  Vi  antibody 
response  following  acute  illness  is  usually  modest,  detectable  in  only  a 
minority  of  patients,  and  short-lived,  except  in  chronic  biliary  carries* 
of  S.  typhi  who  maintain  very  elevated  levels  of  Vi  antibcdy  (49,50). 
Historically,  several  investigators  have  proposed  that  protection  against 
typhoid  fever  may  be  feasible  if  high  titers  of  Vi  antibody  can  be 
elicited.  It  is  known,  however,  that  highly  significant  protection 
against  S.  tychi  can  be  exhibited  in  the  absence  of  Vi  antibody,  since 
Ty21a  lacks  Vi  antigen  and  does  not  stimulate  Vi  antibody. 

In  the  early  1950s,  Landy  (51)  prepared  purified  Vi  polysaccharide 
from  acetone-inactivated  bacteria  by  nultiple  extractions  with  saline, 
ethanol,  and  acetic  acid.  This  early  method  may  have  partially  denatured 
the  antigen,  resulting  in  a  loss  of  O-acetyl  and  N-acetyl  moieties 
(52,53).  Landy’s  Vi  preparation  was  inmnogenic  (51,54)  but  did  not 
provide  significant  protection  to  volunteers  in  a  small  experimental 
challenge  study  carried  out  by  Hornick  et  al  (55)  in  the  1960s. 

In  atterrpts  to  purify  Vi  under  norr-deraturing  conditions,  Wong  et  al 
(55)  and  Rood  ins  and  Robbins  (53),  treated  S.  typhi  with 
hexadecyltrimethylammonium  bromide,  a  detergent  that  was  previously 
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instrumental  in  the  preparation  of  purified  meningococcal  polysaccharide 
vaccines  (57).  Two  separate  lots  of  Vi  vaccine  prepared  by  this 

t  t 

procedure,  one  made  at  the  National  Institutes  of  Health  in  the  U.S.A. 

(Lot  53226)  and  the  other  made  at  the  Merieux  Institute,  Lycn,  France  (Lot 
IMS  1569)  were  evaluated  for  safety  and  irmunogenicity  (58).  The  NIH 
vaccine  contained  approximately  5%  residual  lipolysaccharide  (LPS),  while 
the  French  vaccine  had  only  0.2%  LPS.  Both  vaccines  elicited  significant 
rises  in  Vi  antibody  in  circa  90%  of  recipients  but  the  NIH  preparation 
caused  seme  systemic  and  local  adverse  reactions.  The  occurrence  of 
significant  rises  in  O  antibody  in  83%  cf  recipients  of  the  NIH  vaccine, 
suggest  that  residual  LPS  was  responsible  for  the  untoward  reactions. 

Vi  vaccine  prepared  by  the  Merieux  Institute  is  currently  being 
evaluated  in  controlled  field  trials  of  efficacy  in  Nepal  and  South 
Africa.  Preliminary  results  from  these  trials  should  be  available  in  1987 
(personal  carirunications,  J.3.  Robbins  and  H.  Koomhoff ) . 
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Table  1.  Results  of  controlled  field  trials  of  lyophllized  acetone- ln&otivated  and 

heat  phenol-inactivated  reference  vaccines 
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— 2‘  The  frequency  of  fever,  malaise  and  pain  at  the  injection  site  approximately  2*4  hours 
following  subcutaneous  inoculation  with  heat-phenol-inactivated  (vaccine  L) 
or  acetone-inactivated  (vaccine  K)  whole  cell  typhoid  vaccines  or  tetanus  toxoid 
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Table  3.  Field  trial  of  efficacy  of  three  doses  of  a  liquid  formilaticn  of 
Ty21a  vaccine  given  with  NaHCO,  to  six  and  seven  year  old  schoolchildren  in 
Alexandria,  Egypt.  Results  of  three  years  of  surveillance. 


Year  of 
observation 

Confirmed  cases 
of  typhoid  fever 

Annual A ncidenoe 
per  103 

Vaccine 
efficacy  (\) 

1978-1979 

vaccinees* 

0 

0 

100 

placebo* 

7 

44 

1979-1980 

vaccinees 

0 

0 

100 

placebo 

8 

50 

1980-1981 

vaccinees 

1 

6 

86 

placebo 

7 

44 

Total  1978-1981 

vaccinees 

1 

- 

96 

placebo 

22 

Data  fran  reference  29 
*  n  =  16,  486 
+  n  =  15,  S02 


Table  .  Comparison  of  the  efficacy  of  two  different  formulations 
of  Ty21a  vaccina  administered  in  two  different  immunization  schedules  in  Area 
Occidente,  Santiago,  Chile.  Results  of  36  months  of  surveillance,  9/83  -  0/86 
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2ableJ5.  Qjraticn  of  the  efficacy  conferred  by  three  doses  of  the 
t  enteric-coated  capsule  forrcuiaticn  of  Ty21a 
live  oral  vaccine  given  within  one  week 
in  Area  Ocddente,  Santiago,  Chile 


* 

3  doses,  1-2  days  between  doses 
a  vs  b,  p  <  0.00001,  Cii  square 
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Table  6.  Comparison  of  the  efficacy  of  one  versus  two  doses  of  Ty21a 
live  oral  typhoid  vaccine  given  in  enteric-coated  capsule  formulation. 
*  Randomized,  controlled,  double-blind  trial  in 
Area  Norte,  Santiago,  Chile 


Cne  Dose 

Two  Doses 

Placebo 

Year  1 

(32,788) 

(27,620) 

(31,948) 

(7/82-6/83) 

Cases  c 

58  a 

30  h 

67  e 

Incidence/10 3 

176. 9a 

108.6° 

209. 7C 

Efficacy 

15.6% 

48.2% 

—■ 

Year  2 

(7/83-6/84) 

Cases  _ 

28 

11 

45 

Incidence/105 

85.4 

39.8 

140.8 

Efficacy 

39.3% 

71.7% 

— 

Year  3 

(7/84-6/85) 

Cases  _ 

23 

15 

22 

Incidence/103 

70.1 

54.3 

68.9 

Efficacy 

0% 

21.2% 

— 

Year  4 

(7/85-6/86) 

Cases  5 

33 

22 

2S 

Incidence/103 

100.6 

79.6 

78.3 

Efficacy 

0% 

0% 

- 

a  vs  c,  p  =  0.42 
a  vs  b,  p  =  0.037 
b  vs  c,  p  =  0.0032 
Comparisons  by  Chi  square 
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Tanle  7.  Comparison  of  the  efficacy  of  two,  three,  and  four  doses  of  Ty21a 
vaccine  in  enteric-coated  capsuJe  formulation.  Results  of  a  randomized 
field  trial  in  Area  St.r  and  Area  Central,  Santiago,  Chile. 

Surveillance  fran 

10/84  to  9/86  TWo  Coses*  Three  Doses*  Four  Coses* 

No.  of  Vhacinees  93,942  95,192  58,421 

Cases  126  117  34 

Incidence/105  134.1a  122.9b  58.2C 

*  Vaccine  given  within  eight  days  with  1-2  days  between  doses 

a  vs  c,  p  <  0.0001 
b  vs  c,  p  <  0.0002 
a  vs  b,  p  *  0.49 
All  comparisons  by  Chi  square 
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l,:ble  8.  Rates  of  seroconversion  of  IgG-LLISA  S.  TYPHI  0  antibody  follow  ixzr.g 
one  to  three  oral  doses  of  Ty21a  live  oral  typhoid  vaccine 
giver,  within  one  week.  Oorparison  of  two  different  f  emulations. 


Fonrulation 


Seroconversion 
No.  Doses  Rate  (%) 


Vaccine  Efficacy 
in  Controlled 
Field  Trials— 


Enteric-coated  3 

capsules 

2 

1 


61/95 

(«) 

67% 

22/50 

(44) 

47% 

9/50 

08) 

21% 

Vaccine  +  NaHOD- 

in  gelatin  capsules  3  99/195  (50)  19% 


* 


Data  from  first  36  months  of  surveillance  in  field  trials  in  Area  Norte  arc.: 
Area  Occidente,  Santiago,  Chile. 
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ABSTRACT 

Three  doses,  given  within  cne  week,  of  Ty21a  attenuated  Salmonella 
typhi  oral  vaccine  in  an  enteric-coated  capsule  formulation  provided  fP\ 
efficacy  for  at  least  three  years  in  a  randcai  zed,  placebo-controlled 
field  trial  involving  109,000  schoolchildren  in  Santiago,  Chile. 

Increasing  the  interval  between  to  21  days  did  not  enhance 
protection.  Significantly  less  protection  followed  administration  of 
vaccine  in  gelatin  capsules  with  NaKXXj.  Ty21a  provides  the  same  level 
of  protection  as  the  heat-phenol-inactivated  whole  cell  parenteral  vaccine 
but  in  contrast  does  not  cause  adverse  reactions.  Ty21a  may  now  be 
considered  a  practical  public  health  tool. 
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nramjcncN 

Typhoid  fever  regains  an  important  public  health  problem  in  cany 
less-developed  regions  of  the  world  and  poses  a  risk  for  travelers.1-4 
In  nost  endemic  areas  the  incidence  of  typhoid  fever  is  highest  in 
children  5-19  years  of  age.  This  is  of  potential  relevance  in  the 
control  of  typhoid,  since  schoolchildren  represent  a  "captive*  population 
amenable  to  school-based  immaiizacion  programs. 

Although  heat-phenol-inactivated  and  ace  tone- inactivated  parenteral 
killed  whole  cell  typhoid  vaccines  confer  significant  protection,10-13 
they  are  rarely  used  by  any  country  in  systematic  typhoid  fever  control 
programs  because  of  the  high  rates  of  adverse  reaction  that  they 
elicit.10'13'14  “ 

An  important  advance  in  imamizatian  against  typhoid  fever  was  the 

development  by  Gennanier  and  Purer13  of  an  attenuated  strain  of  S. 

typhi,  Ty21a,  that  can  be  utilized  as  a  live  oral  vaccine.  In  preliminary 

studies  in  adult  volunteers  in  North  America,  TyZLa  caused  no  adverse 

reactions,  was  genetically  stahle,  and  significantly  protected  against 

experimental  infection.13 

17  18 

Nahdan  et  al  '  carried  out  a  placeho-oont rolled,  randomized, 

double-blind  trial  of  TyZLa  in  Alexandria,  Egypt  where  three  doses  of 
g 

vaccine  (1-3  x  10  viable  vaccine  organisms  per  dose)  or  placebo  were 

given  to  32,000  schoolchildren  an  Monday,  Wednesday,  and  Friday  of  one 

week.  Prior  to  ingestion  of  liquid  (reconstituted  lyophilate)  vaccine  or 

placebo,  each  child  chewed  a  1.0  go  NaflCO^  tablet  to  neutralize  gastric 

acid.  Notable  adverse  reactions  were  not  detected,  aorrdborating  the 

safety  of  the  live  oral  vaccine.  During  36  months  of  surveillance  the 

18 

vaccine  efficacy  was  96%  . 
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Shortly  after  the  Egyptian  field  trial,  the  Swiss  Serun  and  Vaccine 
Institute  made  available  ccnaercially  a  formulation  of  vaccine  consisting 
of  two  gelatin  capsules  each  containing  feBCCLj  and  a  third  gelatin 
capsule  containing  lyophil izad  vaccine.  Bus  first  caaoercial  forsulaticn 
reaeabled,  but  was  not  identical  to,  that  used  in  Alexandria. 

Despite  the  highly  encouraging  results  in  the  field  trial  in  Egypt, 
additional  information  had  to  be  before  Ty21a  could  be  employed 

as  a  practical  public  health  tool.  Several  critical  questions  had  yet  to 
be  answered,  that  would  be  the  efficacy  of  fte  oaanercial  gelatin 
capBule/tfaHnD^  forsulaticn  of  lyqphilized  vaccine  that  was  aarkebed 
after  the  Egyptian  field  trial?  that  would  be  the  efficacy  of  Ty21a  in  a 
formulation,  such  as  enteric-coated  capsules,  that  does  not  require 
NaBDOj?  What  level  of  protection  would  Ty21a  provide  in  areas  with 
incidence  rates  of  typhoid  fever  much  higher  than  the  44-50 
cases/105/year  that  prevailed  during  the  trial  in  Alexandria?  Could 
prolongation  of  the  interval  between  the  doses  enhance  the  inxainogeni  city 
of  the  vaccine? 

IP  answer  these  questions,  a  randomized,  placebo-control  1  ed  field 
trial  of  efficacy  was  carried  out  in  Santiago,  Chile.  This  trial 
represented  a  collaborative  effort  involving  the  Ministry  of  Health, 
Santiago,  Chile,  the  Center  for  Vhocine  Development  of  the  University  of 
Maryland  School  of  Medicine,  the  Pan  American  Health  Organization,  the 
World  Health  Organization  (VB)),  the  Walter  Reed  Army  Institute  of 
Resear cn  and  the  Swiss  Serin  and  Vaccine  Institute. 

MATERIALS  AMD  FEgBCDS 

Santiago  was  selected  for  the  field  trial  because  of  the  high 
endemic!  try  of  typhoid  fever  (the  annual  incidence  rate  from  1977  to  1981 
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exceeded  150  cases  per  10  population),  the  presence  of  an  excellent 
health  care  infrastructure  (the  Systai  of  teticnal  Health  Services),  a 
strong  commitment  on  the  part  of  the  Ministry  of  Health  towards  innovative 
methods  to  control  typhoid  fever,  and  a  long  history  of  school-based 
vaccination  programs.  The  trial  design  and  aonsent  procedures  were 
approved  by  ethical  review  camittees  of  the  Oniwrsity  of  Maryland  and 
WHO.  The  field  trial  was  initiated  in  Area  Oocidente  of  Santiago  in 
1983.  The  Ministries  of  Health  and  Education  collaborated  to  ensure  that, 
with  cooperation  of  the  teachers  in  all  schools,  parents  were  informed  of 
the  trial  (by  means  of  health  education  brochures)  and  permission  to 
enroll  their  child  was  requested  through  consent  forms  and  their  response 
recorded. 

Peak  transmission  of  typhoid  fever  and  the  vast  sajority  of  cases 

occur  during  the  sunmer  (school  holiday)  season  in  Santiago  (mid-Eeceober 

19 

to  mid-March)  while  schools  are  not  in  session.  Therefore, 
randomization  was  carried  out  by  class roa*  (i.e.  all  children  in  a  class 
received  the  same  vaccine  regimen). 

Oily  children  of  consenting  parents  were  randomized  to  one  of  the  five 
cells  of  the  trial.  Group  1  received  three  doses  of  vaccine  with  IfeBDQ-j 
given  with  an  interval  of  two  days  between  the  doses.  The  conaercial 
gelatin  capsule  to  nutation  was  used  which  consisted  of  two  gelatin 
capsules  each  containing  0.5  gat  of  NaHCD^  and  a  third  gelatin  capsule 
containing  lyophil ized  vaccine.  Group  2  ingested  three  doses  of 
lycphilized  vaccine  in  enteric-coated  capsules,  with  an  interval  of  two 
days  between  the  doses.  Hydraxyprophy-methyl-oellulose-phthalate  was  the 
enteric-coating  used  to  make  the  gelatin  capsules  acid-resistant.  In 
vitro  the  capsules  resisted  gastric  acid  (pH  1.5)  for  at  least  two  hours 
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but  dissolved  within  10  mirutes  in  artificial  intestinal  fluid  of  pfi  >6.0. 
Group  3  received  three  doses  of  vaccine  in  enteric-coated  capsules  with  an 
interval  of  21  days  between  the  doses.  Group  4  ingested  three  doses  of 
the  cmmercial  gelatin  cspsule/teflCD^  fozsulation  with  an  interval  of  21 
days  between  the  doses r  Wiile  Group  5  received  three  doses  of  placebo  (in 
identical  capsules  as  described  above)  given  at  an  interval  of  two  days 
between  the  doses.  The  identity  of  which  coded  preparation  contained 

was  unknown  to  the  vaccinators,  the  schoolchildren  and  the  health 
care  providers. 

g 

The  adainist ;  a tion  of  vaccine  (containing  1-3  x  10  viable  vaccine 
organism  per  dose)  or  placebo  by  trained  health  workers  was  carried  out 
in  the  classroom  in  the  cool,  non-typhoid  season,  mid-July  to  early 
September,  1983;  surveillance  began  on  September  21,  1983.  Computerized 
data  files  were  generated  from  the  completed  class  lists. 

Approximately  90%  of  health  care  visits  in  Area  Ocddente  occur  in 

facilities  of  the  System  of  National  Health  Services  where  intensive 

surveillance  could  be  maintained;  t-he  remaining  visits  involve  private 

physicians.  Physicians  and  nurses  were  kept  awre  of  the  importance  of 

obtaining  cultures  fraa  suspect  cases  of  typhoid  fever  by  means  of 

letters,  clinical  conferences  and  weekly  visits  by  surveillance  nurses 

front  the  Ministry  of  Health.  Chly  cases  confirmed  bacfceriologically  (i.e. 

those  from  whom  S.  typhi  was  isolated  fraa  blood,  bone  narrow,  or 

bile-stained  duodenal  fluid)  were  utilized  in  computations  of  vaccine 

efficacy.  Therefore,  considerable  resources  were  directed  toward 

barter iologic  confirmation  of  suspect  cases.  Three  4  ml  blood  cultures 

21 

and  one  bone  marrow  culture  were  obtained  fran  children  admitted  to 
hospital  with  a  clinical  suspicion  of  typhoid  fever.  TWo  6  ml.  blood 
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oil tures,  dra«n  30  minutes  apart,  were  collected  from  outpatients 

presenting  to  the  consul torias  (health  centers)  with  suspected  typhoid 

fever.  fltqpicioMS  colonies  were  confirmed  by  standard  biochemical  and 

22 

serological  techniques. 

The  code  for  this  blinded  study  was  kept  in  Berne  and  Geneva.  After 
breaking  the  code,  the  results  were  analyzed  by  Chi  square. 

RESOLTS 

Parents  of  961  of  the  141,127  diildren  in  Area  Occidents  gave  consent 
for  their  children's  participation.  In  total,  109,594  schoolchildren  6-21 
years  of  age  (99%  were  6-19  years  old)  received  all  three  scheduled  doses 
of  vaccine  or  placebo.  During  the  vaccina  tier  period  in  the  schools  there 
was  no  increased  absenteeism  or  notable  increase  in  febrile  or  intestinal 
illnesses  and  no  cases  of  typhoid  fever  were  recorded  among  the 
participating  children. 

Results  of  three  years  of  surveillance  in  the  Area  Oocidente  field 
trial  are  sunmarized  in  Table  1  diere  incidence  is  presented  both  as  cases 
per  105  schoolchildren  as  well  as  by  classes  with  cases  per  100  classes 
vaccinated  (since  randomization  was  done  by  class).  The  227  confirmed 

of  typhoid  occurred  in  221  separate  classes.  For  those  few  classes 
with  more  than  one  case,  they  occurred  in  different  years  of  surveillance; 
thus  there  were  no  clusters  of  cases.  Vaccine  efficacy  was  virtually 
identical  whether  calculated  on  the  basis  of  incidence  per  IQ5 
schoolchildren  or  classes  with  typhoid  per  100  classes.  The 
enteric-coated  capsule  fonailatian  gave  significantly  better  protection 
than  the  gelatin  capeule/ttaBCO^  formulation.  Tie  best  protection 
occurred  in  the  group  ihich  received  vaccine  in  enteric-coated 
with  all  three  doses  given  within  one  week  (as  in  the  Bgyptian  trial); 
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prolonging  the  interval  between  doses  to  21  days  did  not  enhance  efficacy. 

Fbr  the  regimen  (enteric-coated  capsules,  short  interval)  with  the 
best  protection  (67%  efficacy),  the  efficacy  during  each  year  of 
surveillance  is  presented  in  Table  2  and  shota  that  the  level  of 
protection  regained  similar  for  all  three  year:,  (61-71%).  Surveillance  is 
being  Maintained  in  Area  Occidents  to  determine  whether  protection  endures 
beyond  three  years.  With  this  regimes  fewer  cases  of  enteric  fever  dbe  co 
3.  paratyphi  B  (10  canes,  45.1  casee/105)  were  observed  than  in  the 
niacrho  group  (17  cases,  77.6  casea/105;  45%  vaccdue  efficacy)  but  the 
difference  was  not  significant  (p*0.24). 

The  relationship  between  age  at  iraecination  and  level  of  efficacy  is 
shown  in  Table  3  for  the  group  who  received  three  dees  of  enteric-coated 
vaccine  given  within  one  week,  ttiile  significant  prelection  occurred  in 
all  age  groups,  there  was  a  clear-cut  trend  suggesting  that  the  level  of 
protection  increased  with  age  at  time  of  vaccination;  however,  the 
differences  in  efficacy  jere  not  statistically  significant. 

QiaOJSSICM 

The  great  advantage  of  Ty21a  live  oral  typhoid  vaccine,  prepared  to 
parenteral  killed  whole  cell  vaccines,  is  that  it  provides  significant 
protection  without  causing  adverse  reactions,  0'  '  A  wealth  of 

evidence  from  volunteer  studies1^  and  fraa  large  vaccine  field  trials 
attests  to  the  protective  activity  of  this  attenuated  strain.  The  field 
trial  fraa  Chile,  reported  herein,  evaluating  different  fonaiLations  and 
umunizatirn  schedules,  provides  practical  information  on  both  the 
advantages  and  the  limitations  of  Ty21a  as  a  possible  control  measure 
against  typhoid  fever  in  endemic  areas. 

The  field  trial  in  Area  Occidente  has  shown  that  Ty21a  in 


9 


enrr-ric-coated  capsules  is  significantly  more  protective  than  vaccine  in 

the  gelatin  capsule/ttaBOOLj  formulation  (Thhle  1).  These  results 

ocrrrdborate  a  retrospective  study  reporting  poor  efficacy  for  the  gelatin 

26 

r^wn »i formulation,  ttiiich  prior  to  the  Chilean  trial  had  not 

previously  been  field  tested.  Based  on  the  Area  Occidente  results, 

production  and  marketing  of  the  gelatin  capsule/NaSOD^  formulation  was 

discontinued  and  replaced  by  the  enteric-coated  capsule  formulation. 

In  Area  Occidente,  three  doses  of  enteric-coated  Ty21a  given  within 

cue  week  provided  67%  protection  for  at  least  three  years  (Table  2).  This 

Level  of  vaccine  efficacy  is  equal  to  the  protection  conferred  by  the 

bear-phenol-inactivated  parenteral  vaccine  (Thhle  4),  the  only  otl*er 

widely  available  effective  typhoid  vaccine.27  The  phenol-inactivated 

vaccine,  however,  causes  notable  adverse  reactions  in  approximately  25%  of 

recipients  and  must  be  administered  by  needle  and  syringe  or  jet 

gum. I0, 13' I4  ’Burs  Ty21a  is  distinctly  more  advantageous  because  it 

causes  no  discernible  adverse  reactions  and  is  easy  to  administer  to 

23  2S 

scrcool children  in  mass  oral  vaccinations.  '  In  our  estimation,  this 
clearly  makes  Ty21a  at  present  the  vaccine  of  choice  for  any  country 
imaanding  to  enfcark  upon  a  systematic  typhoid  fever  control  program. 

The  67%  protection  conferred  for  at  least  three  years  by  three  doses 
of  7y21a  in  enteric-coated  capfailws  given  within  one  week  in  Area 
Occidente  is  less  than  the  impressive  96%  efficacy  over  three  years 
provided  by  a  liquid  formulation  used  in  Egypt  (Table  4).  Besides  the 
cbvrious  differences  in  vaccine  formulation  and  genetic  constitution  of  the 
populations,  other  factors  may  have  contributed  to  the  difference  in 
results.  Ftor  example,  toe  mean  annual  incidence  in  the  placebo  group  in 

C 

the  Occidente  trial  (103/10'</year)  was  twice  as  high  as  the  mean  annual 
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incidence  in  the  placebo  group  in  the  Alexandria  trial  (46/105), 
suggesting  that  force  of  infection  and  nodes  of  transmission  say  differ 
between  the  two  sites.  Another  wao-spcnaored  field  trial  currently 
underway  in  Area  Sur  Oriente  of  Santiago  and  a  similar  trial  in  Indonesia* 
are  directly  comparing  the  relative  efficacy  of  enteric  coated  capsules 
versus  a  liquid  formulation. 

TyZLa  nay  also  prove  useful  in  the  future  in  iimmization  against 
other  infections.  Became  TyZLa  stimulates  cell -media  ted  as  well  as 

aj 

humoral  immunity,  '  '  it  is  attractive  as  a  carrier  of  relevant: 

genes  from  other  organise.  Ty21a,  for  exanyJe,  has  been  modified  to 

31  32 

express  Shigella  scnnei  O  antigen*  '  the  B  subunit  of  E.  coli 
heat-labile  enterotcorin,33  colonization  factor  antigen  I,3s*  and  Vibrio 
cholerae  antigens. 

The  multiple  field  trials  that  have  been  required  to  generate  the 
information  on  how  to  use  TyZLa  as  a  public  health  tool  are  reminiscent  of 
the  series  of  field  trials  undertaken  by  W33  over  more  than  15  years  to 
accrue  similar  information  for  the  parenteral  killed  whole  cell 
vaccines. 1<>-13  On  til  a  superior  formulation  of  TyZLa  is  identified,  or 
it  is  surpassed  by  another  typhoid  vaccine,  the  information  now  available 
should  allow  public  health  authorities  to  utilize  TyZLa  in  enteric-coated 
capsules  in  national  typhoid  fever  central  progress. 


n 
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Safety  and  Immunogenicity  of  Two  Salmonella  typhi  Vi  Capsular  Polysaccharide  Vaccines 


Typhoid  fev  :r  remains  a  public  h.  alth  problem  in  many 
deseloping  areas  of  the  world.  An  easily  administered,  well- 
tolerated  saccine  that  produces  a  long  duration  of  immu¬ 
nity  after  a  single  dose  would  be  an  important  advance 
in  controlling  "his  disease.  Inactivated  whole-cell  typhoid 
vaccines  are  effective  but  cause  high  rates  of  adverse  reac¬ 
tions  and  require  two  injections  for  maximum  protection 
in  younger  children  (1).  Live,  attenuated  Salmonella  typhi 
v  accine  strain  Ty  21a  is  orally  administered,  well  tolerated, 
and  provides  *Oro  (Chile)  to 95°"t  (Egypt)  protection;  how¬ 
ever.  this  vaccine  is  limited  in  usefulness  because  it  requires 
several  doses  to  achieve  this  level  of  effectiveness  [2J. 

The  Vi  capsular  polysaccharide  (CPS)  is  a  linear  homo- 
polymer  of  a-1.4  2-deoxy-2-.Y-acetyl  galac.uronic  acid;  it 
is  variably  O-acetylated  at  C3  (3J.  Measuring  serum  anti¬ 
bodies  to  Vi  provides  a  sensitive  and  specific  screening  test 
for  identifying  chronic,  asymptomatic  carriers  of  S.  typhi 
[4],  Some  evidence  suggests  that  Vi  may  be  a  protecti-e 
immunogen.  In  an  experimental  challenge,  volunteer!  im¬ 
munized  with  Vi  CPS  were  not  protected  against  c.talienge 
wuh  up  to  10"  S.  typhi  organisms  [5].  The  Vi  CPS  used 
in  this  study,  however,  was  prepared  under  condition,  that 
altered  itc  structure  [6j.  New  purification  tecimiques  usins 
detergents  that  do  not  alter  the  structure  ot  CPS  led  to 
the  development  of  meningococcal  and  pneumococcal 
CPS  vaccines.  Vi  CPS  prepared  by  a  similar  nondenatur¬ 
ing  tecnrvique  was  evaluated  in  a  small  number  of  volun¬ 
teers;  the  vaccine  elicited  higher  antibody  responses  to  Vi 
and  less-adverse  reactions  than  did  the  acetone-tilled, 
whole-cell  vaccine  [7,  8J.  In  this  repor;  we  describe  fur¬ 
ther  studies  assessing  the  imrounogenicity  and  side  effects 
of  two  Vi  preparations  in  volunteers  from  nonendemic 
areas  (Maryland  and  France)  and  from  a  hyperendemic 
area  (Chile). 

Subjects  and  Methods 

Preparation  and  characterization  of  1 7  CPS  5.  typhi 
strain  Ty-2  was  cultivated  in  modified  Frantz  medium  un- 
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til  stationary  growth  was  reached  [9).  For  lot  53226,  the 
culture  vs  as  heated  to  60  C  for  1  hr,  and  lTi  hexadecyl- 
trimethylammonium  bromide  (Cetav  Ion’;  Eastman  Chem¬ 
icals.  Rochester.  NY)  was  added.  The  suspension  was  cen¬ 
trifuged  at  10.000  g  for  20-50  min.  and  Vi  was  extracted 
from  the  pe'let  [9j.  Lot  IMS1569  was  similarly  prepared, 
except  tha.  S.  typhi  was  removed  by  centrifugation  and 
Cetavlon  Added  to  the  superr.atcnt;  the  resultant  suspen¬ 
sion  was  collected  by  centrifugation  [101.  Vi  CPS  for  pas¬ 
sive  HA  and  RIA  was  prepared  from  Citrobaaerfreundii 
strain  WR70I1  (provided  by  Dr.  I.ouis  Baron.  Walter  Reed 
Army  Institutes  of  Research.  Washington.  DC).  The  two 
lots  of  Vi  polvsaccharide  differed  only  in  lipopolysaccha- 
ride  (LPS)  content  (5rt  in  lot  53226  ana  0.2ro  in  lot 
IMSI569)  and  in  the  minimal  dose  that  was  pyrogenic  in 
rabbits  (0.05  pg  for  lot  53226  and  0.5  ug  for  lot  IMSI569). 

i'olttnteers.  Healthy  volunteers  were  recruited  at  the 
University  of  Mary  land  at  Baltimore.  Forty-eight  students 
(21-32  years  of  age)  received  by  random  assignment  ei¬ 
ther  50  pg  of  Vi  lot  53226  or  50  ug  of  meningococcal  poly¬ 
saccharide  groups  A.C.  Y.  and  W-135  combined  vaccine 
(Squibb  Connaught.  Princeton.  NJ )  by  jet-gun  injection. 
Volunteers  were  interviewed  about  symptoms  (mild, 
moderate,  or  severe)  and  examined  24  and  48  hr  after  in¬ 
jection  in  a  double-blind  fashion.  Temperatures  were 
recorded  for  volunteers  who  complained  of  feverishness 
in  the  first  24  hr  and  for  all  volunteers  45  hr  after  vacci¬ 
nation. 

In  May.  during  the  low  incidence  season  for  typhoid  fe¬ 
ver  in  Chile.  159  Air  Force  recruits  (13-21  years  of  age) 
volunteered  for  our  study.  One  hundred  thirty-six  w  ere  ran¬ 
domly  assigned  to  receive  50  ug  of  Vi  lot  53226  and  53 
to  receive  50  ug  of  the  terra-,  a  lent  meningococcal  poly¬ 
saccharide  \  accine  by  jet-gun  injection.  Temperatures  were 
recorded  every  12  hr,  and  volunteers  were  inters  iewed  about 
symptoms  and  their  severity  and  were  examined  24  and 
4S  hr  after  injection  in  a  double-blind  fashion. 

In  Tours.  France.  19  healthy  meoicai  students  (20-24 
years  of  age)  were  injected  by  syringe  with  50  ug  of  Vi 
lot  IMSI569.  Rectal  temperatures  were  taken  6, 24. 48,  and 
”2  hr  later.  Symptoms  and  local  reactions  were  recorded 
by  the  volunteers  for  T2  hr  after  injection. 

Serology.  )?locd  specimens  from  the  Maryland  stu¬ 
dents  ar.d  the  Chilean  recruits  "ere  obtained  before  and 
21  days  after  vaccination:  blood  from  French  volunteers 
wa,  obtained  before  and  2S  days  after  vaccination. 

Pass/ \e  HA.  Washed,  glutaraldehyde-treated  sheep 
erythrocyte-  were  sensitized  with  10  ug  of  purified  Vi  an¬ 
tigen  from  C.  freundii  ml  i— ]  After  adsorbing  overnight 
with  fre-h  sheep  ervtr.t  ecvte*.  -era  were  diluted  from  1 :20 
to  C2.560in  I’t:.  sensitized  erythrocytes:  a*. 'control,  sera 
were  dilut.J  in  non-ensii'/cd  erythroev'e-  Plates  were  in¬ 
cubated  for  2  hr  ai  room  temperature  and  examined  for 
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HA.  Appropri’te  positive  and  negative  control  sera  were 
used. 

FUA.  Tyranine  (30  mg/ml;  Sigmtv,  St.  Louis)  was 
added  to  10  wg  of  Vi  polysaccharide/xl,  and  the  pH  was 
adjusted  to  4.9.  The  water-soluble  carbodiimide  EDAC 
(0.05  St ;  BioRad,  Richmond,  Calif)  vas  added,  and  the 
pH  was  maintained  at  4. 9-5.1  for  3  hr.  The  reaction  mix¬ 
ture  was  dialyzed  and  passed  through  0-100  Sephadex* 
(Pharmacia,  Piscatawav,  NJ)  equilibrated  in  water;  the  void 
volume  was  freeze-dried.  The  final  product  contained  1.1°'» 
tyramme.  A  burro  antiserum  to  Vi  was  used  as  a  refer¬ 
ence;  and  antibodies  to  Vi  were  determined  by  a  modified 
Parr  assay  J9).  The  sensitivity  of  the  assay  was  0.05  ug  of 
antibcdy/ml,  and  the  variability  was  M5T#.  Setoconvcr- 
sion  was  defined  as  an  increase  in  specific  antibody  to  Vi 
>0.15  vig/m.i  (This  increase  is  >3  SD  from  the  mean  differ¬ 
ence  of  paired  sera  .  torn  controls.  The  control  population 
consisted  of  30  individuals  who  had  had  an  experimental 
oral  challenge  wun  Vibrio  cholera e.) 

ELISA.  O-specific  antibodies  were  measured  by 
ELISA  using  LPS  from  5.  typhi  and  Salmonella  emeridi- 
tis.  Alternating  wells  of  polystyrene  microtiter  plates' were 
coated  for  1  hr  at  37  C  with  10  ug  of  a  commercial  LPS/ml; 
the  LPS  had  been  prepared  by  the  hot-water  phenol 
method  from  S.  typhi  strain  C901  (Difco,  Detroit).  Pre- 
and  postvacemation  sera  were  examined  simultaneously. 
Aliquots  of  sera  diluted  11100  in  PBS,  0.05  T*  Tween  20, 
and  !«■«  heat-inactivated  fetal  calf  serum  were  applied  in 
triplicate  to  wells  of  the  microtiter  p'ates;  then  alkaline 
phosphatase-conjugated  goat  antibody  to  human  IgG  and 
p-nitropherio!  pnosphate  substrate  (Kirkegaard  and  Perry, 
Gaithersburg,  Md)  were  added.  A  standard  ELISA  pro¬ 


cedure  was  used  for  washing  and  deve'oping  color  III). 
Net  OD  was  defined  as  the  average  increase  in  the GD  of 
sample  w-iis  compared  with  wells  without  mtigen. 
Seroconversion  was  defined  as  an  increase  in  net  CD  >0.15 
at  405  am.  (This  increase  is  >3  SO  from  the  mean  differ¬ 
ence  of  paired  sera  from  controls.  The  control  population 
consisted  of  the  same  30  individuals  described  above.) 

Sera  were  also  assayed  by  ELISA  for  O-specific  anti¬ 
body  using  antigen  prepared  from  S.  tntsr'.ditis  biosero¬ 
type  ?n:enditd  (Difco)  to  assure  that  antibodies  to  S.  typhi 
LPS  were  O  specific  and  *t'e  no»  antibodies  to  Vi  anti¬ 
gen  that  might  have  contaminated  the  LPS  preparation. 
The  LPS  of  S.  typhi  and  S  emeriditis  bioserotype  enren- 
ditis  are  serologically  indistinguishab'e  ;12);  however,  the 
latter  organism  lacks  Vi  antigen.  Counterimmunodec- 
trophoi  esis  using  rabbit  (Cente  x  for  Disease  Control,  At¬ 
lanta )  anu  burro  h ypenmmune  S.  typhi  antiserum  did  not 
detea  Vi  antigen  (sensitivity.  1.0  t.g  of  Vi/ml)  in  either 
of  these  two  LPS  preparations  at  1  mg ''ml. 

Results 

Clinical  responses.  Table  l  show  s  the  frequency  of  reac¬ 
tions  in  recipients  of  Vi  lot  53226  and  meningococcal  vac¬ 
cine.  This  VJ  preparation  produced  a  higher  incidence  of 
local  and  systemic  reactions  (rated  moderate  to  severe)  than 
did  meningococcal  vaccine  (  3  =  .605  for  local  reactions; 
the  difference  was  not  significant  for  systemic  reactions, 
Fisher's  exact  test).  Two  Mary  land  •  udents  who  received 
Vi  had  temperatures  >37.5  C  during  (he  43-hr  observa¬ 
tion  period:  or.e  of  these  had  a  temperature  of  39.1  C  with 
malaise  ar.d  myalgias  and  required  bed  rest. 


Table  i.  Reactions 

to  two  S.  typhi  Vi 

vaccine  candidates. 

University  of  Maryland  volunteers 

Chiles.-. 

Air  Force  recruits 

French  volunteers 

tactions 

Vi  lot 

53226  (rr  -  24) 

Meningococcal 
vaccine  (rr  =  24)  5 

Vj  lot 

*226  i/t  =  1 

Mjnjr.gococcal 
in  -  i3) 

Vi  lot 

IMS  1569  (n  »  t9> 

Syi.rmic 

Malaise 

8 

0 

i 

0 

Fever* 

8 

0 

3 

0 

Went  to  bed 

4 

0 

X 

0 

Local 

Local  pain 

29f 

0 

u) 

- 

Tenderness 

29t 

4 

19- 

6 

— 

Erythema  02  cm) 

7|t 

38 

Tl* 

)* 

- 

Induration  Ol  cm) 

0 

8 

t) 

4 

- 

NOTE.  Data  are  percentage  of  volunteers  with  moderate-to-se\;:e  reactions. 

•  For  xiaryland  volunteerv.  the  presence  of  fever  indicated  vubjecnve  fever  or  temperature  >3". 5  C  (taken  orally)  48  hr  after 
vaccination,  for  Chilean  volunteers,  fever  indicated  temperature  >3*. 5  C  ttaken  orally)  when  meavuted  every  1 2  hr  for  48  nr  after 
vaccination;  for  French  volunteers,  fever  indicated  temperature  >3*  6  C  cake:.  rectal!>»  when  mea>ured  at  6.  24.  45  arid  ”1  hr 
alter  vaccination. 

f  P  =  .003  by  Fisher's  exact  test  comparing  recipients  of  Vi  with  recipients  of  meningococcal  vaccine. 

-  P  <  .95  by  Fivher  s  exact  test  comparing  recipients  of  Vi  witli  recipients  of  meningococcal  vaccine. 

:  P  <  OOt  by  x‘  test  comparing  recipient,  of  Vi  with  recipient,  of  mer.tr.s.xoccal  vaccine. 
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Table  2.  Immune  response  to  two  S.  typh i  Vi  vaccine  cand. dates. 


Tilers  of  an; 

:  revi;-  to 

vi  b> 

Ti 

:r,  o;  antibody  ro 

S  typer  LPS  by 
ELISA 

Passive  HA 

a 

LA 

No.  of 
volunteers 

CMT 

Serocon¬ 
version,  t r 

CMT 

CMT 

Vi 

Pre 

Post 

.*  ?r; 

Pc--; 

•rf::ns  ('*)"' 

?:i 

?- \  * rsjorts  i  ru- 

Lot  53226 

Maryland  students 

24 

14.14 

109.2? 

85 

:  r 

•*  r 

too 

C  II 

C  *»  83 

Chilean  recruits 

133 

11.18 

69.35 

87 

N  D 

ND 

ND 

C  15 

6."  83 

Lot  1N1S1569 

French  volunteers 

19 

12.45 

82.97 

89 

.  r 

%  •* 

95 

C  12 

0  22  26? 

NOTE.  CV1T,  geometric  mean  titer;  Pre,  before  vaccination:  «:;e»  v acctnutton  tsee  Sub;;.-,  ar.d  Methods  for  dmes*: 

NO.  not  done. 

*  Fourfold  or  greater  rise  in  titer  of  antibody 
+  Increase  in  titer  of  antibody  >0.15  ug/ml. 

*  Increase  in  net  OD  >0.15. 

5  l‘  ■  28.3,  P  <  .0001.  compared  with  recipients  of  lot  5323* 


Eleven  (89f«)  of  136  Chilean  recruits  who  received  Vi 
antigen  had  temperatures  >37.5  C;  one  had  a  tempera¬ 
ture  of  39.6  C  with  malaise,  myalgias,  headache,  chills, 
and  dizziness.  Four  (3r»)  recruits  required  bed  rest  in  the 
48  hr  after  vaccination.  Vi  more  '-ommonly  produced  lo¬ 
cal  erythematous  reactions  {P<  .05  vs.  meningococcal  vac¬ 
cine,  Fisher's  exact  test),  with  a  larger  area  of  erythema. 

Table  1  also  shows  that  no  recipient  of  Vi  lot  1N1SI569 
had  a  temperature  >37.6  C  or  any  other  sv  stemic  reaction. 

Strategical  responses.  Antibodies  to  Vi  by  passive  HA. 
Paired  serum  specimens  were  available  from  24  Maryland 
students,  133  Chilean  recruits,  and  19  French  students.  Ta¬ 
ble  2  shows  the  serological  responses  to  the  two  Vi  prepa¬ 
rations.  Eighty-five  percent  of  the  Maryland  students  and 
87<r,0  of  the  Chilean  recruits  w  ho  received  Vi  lot  53226  had 
fourfold  or  greater  rises  in  titer  of  antibody  to  Vi,  A  simi¬ 
lar  serological  response  was  observed  among  recipients  of 
Vi  lot  IMSI569. 

Antibodies  to  Vi  by  RIA.  Paired  sera  were  available 
for  RIA  from  24  Mary  land  students  and  19  French  volun¬ 
teers.  The  rate  of  seroconversions  measured  by  RIA  was 
high  (95r«-100<ro)  among  volunteers  "ho  received  either 
Vi  preparation  (table  2). 

O-sptcific  antibodies.  Vi  lot  53226  elicited  serocon¬ 
version  in  20  ( 8 3 <r# )  of  24  Maryland  students  and  in  111 
t83r*>of  133  Chilean  recruits  (table  2).  Identical  responses 
were  observed  with  5.  enteriditis  LPS  (data  not  shown). 
Vi  lot  IMSI56D  elicited  both  lower  rates  of  seroconversion 
and  lower  titers  of  O-specific  antibodies.  Only  five(26<ro| 
ot  19  solunteers  had  significant  rises  in  $.  typhtQ  specific 
antibodies  (x‘  »  23.3,  ,°<  .0001,  for  recipients  of  lot  53226 
w.  lot  IMSI569). 

Discussion 

In  these  clinical  trials.  Vi  CPS  lot  53226  (administered  bv 
jet -gun  injection)  produced  fewer  reactions  ihan  were 


rep-erted  for  par  enteral  inactivated,  whole-cel!  vaccine  but 
~ce  reactions  ''.an  were  reported  for  parenteral  men.ia* 
g: vaccine  or  for  oral  Ty2'.a  typhoid  vaccine  [1.  2]. 
Thtce  reactions- :'r-er.  malaise,  ar.d  myalgias  —  weretyp- 
::c-  o;  those  seen  after  inactivated,  whole-ceil  vaccination. 
Tr  e  number  arc  severity  of  reactions  probably  render  this 
p-.-.r  aration  unacceptable  for  fur. her  clirica!  trials.  Because 
c.  brent  obse.'-e-s  in  a  dtft'erer.t  count-,  evaluated  the 
-eatt.ons  of  •.cl-nteers  to  Vi  lot  IMSlfrJ  and  because  tint 
r't carat. on  was  administered  by  syringe  and  needle  ia- 
-  ta;  o:  .;;  gun.  we  cannot  fairly  compare  :h.-  -ucr.onj 

-  those  o:  volunteers  who  received  v.  lot  ;._26.  Tbe 

gun  nay  increase  the  rare  and  intensity  of  local  ar.d 
\-  -tem.ic  rear.:; ns  {!?].  Nevertheless,  the  incidence  of  re- 
:  *  ;  and  other  .'-stemic  reactions  'as  art  one  recipients 
of  o:  IMSlftr. 

'  •  53221  contained  sjffio.ent  L?5  t5r»i  to  induce 

s  g'.'tcant  r.se-s  in  O-specific  antibodies  ;n  most  of  the 

■  acc.n.ees.  LPS  tsa  py  rogen  and  elicits  both  local  and  sys- 
•em.  .  iniTamm aocry  reactions.  Tee  residual  LP>  was  prob¬ 
er.-  responsibe  for  the  fever,  malaise,  and  local  rea  etieru. 
V  o:  IMSIfc r.  however,  had  considerably  lower  levels 
o-  L  ?5  (0  2 Ts t.  induced  a  lower  seroconversion  rate  of  O 
a-:  oodles,  and  produced  fewer  adverse  reactions. 

Red  action  cf  L?5  comer.:  to  0  2 ct  lot  1M5I569  did 

■  completely  m.hibit  its  immur.ogenlctty  xZ6rt  of  vac- 

..r.-es  responerd  >i'h  increase, titer,  of  O-specitld  an- 
t  • ;  dies).  Aorrd-ngS.  imnur.iratien  with  Vi  polysaccha- 
-0;  -atcir.e  n\  m.tetfere  with  the  use  of  O-specific 
a"  oody  tor..inicaI  and  ip.de-.iolovcal  studies. 

T  ■ ;  u-eot  V  i  r> traced  from  C  ’ryunc.;.  with  us  sero'og- 
:.i  ;■  Jiffersn:  LPS.  may  circunt.ent  this  problem. 

T*e  rate  of  -rroconver-ion  a::;r  z  ,ir.c!e  50-ug  injec- 
•  '  of  either  .  preparation  w;,  high.  t>5’* -100**.  de- 
p:  -  u.ng  o::  i*r  V  :  p-eparation  end  t re  a--a\  for  antibod- 
r •  n  V ;  ipfi  y  o'  Si  -\i.  The  immune  re-pson^  to  V,  m 
"■  r.o-  ■;  population  tVaryia-d  a.nJ  French  »tu- 
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der.:>i  was  equivalent  to  that  in  the  immune  population 
t  Chileans).  In  addition,  the  antibody  responses  to  Vi 
elicited  by  lot  53226  with  5~j  LP5  and  by  lot  IMSI569 
with  0.2ro  LP5  were  similar,  which  confirmed  an  earlier 
observation  that  LPS  content  of  meningococcal  polysac¬ 
charide  vaccine  did  not  affect  the  level  of  antibodies  to 
CPS  antigen  Jl-)- 

The  role  of  antibodies  to  Vi  in  providing  immunity  to 
typhoid  tV-er  in  humans  is  unknow  n.  In  mice,  immuniza¬ 
tion  with  v'i  CPS  confers  a  high  degree  of  protection 
against  challenge  with  S.  :yphi  (15).  The  significance  of 
this  is  unclear,  however,  because  mice  are  not  natural  hosts 
for  S.  typhi  infections  and  do  not  develop  a  generalized 
infection  resembling  enteric  fever.  Protection  against  ty¬ 
phoid  fever  can  be  induced  without  antibodies  to  Vi,  as 
shown  by  the  experience  with  Ty21a  vaccine,  which  lacks 
Vi  antigen. 

Thirty  years  ago,  Hcrnick  et  al.  carried  out  experimen¬ 
tal  hallenge  studies  with  5.  typhi in  volunteers  previously 
immunized  w  ith  a  Vi  vaccine  prepared  by  Landy  et  al.  (5). 
This  Vi  was  subjected  to  an  acid  treatment  that  removes 
all  of  the  O-acetyl  and  pari  of  the  .V-acetyl  moieties  and 
partially  depoly merizes  Vi  polysaccharide  (6).  The  lack 
of  these  moieties  may  in  part  account  for  the  poor  protec¬ 
tion  provided  by  this  preparation  (6). 

Vi  lot  IMS1569  induced  high  titers  of  antibodies  to  Vi 
in  healthy  volunteers  and  produced  no  adverse  systemic 
reactions.  The  effects  of  age.  nutrition,  and  chronic  ill¬ 
nesses  on  production  of  antibodies  to  Vi  after  immuniza¬ 
tion  are  unknown.  Further  studies  are  needed  to  assess 
the  role  of  serum  antibodies  to  Vi  in  protection  against 
typhoid  fever  and  to  demonstrate  the  efficacy  of  a  Vi 
vaccine. 
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